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ABSTRACT 
This research examined the teacher training for integrated science in some 
university departments and colleges in Nigeria with the aim of establishing its 
characteristics, quality and appropriateness of the training in fitting the trainees to their 
job. It was decided to focus on all the "players" in the training of teachers; to canvas their 
views and to investigate their understanding of integrated science as it appears in college 
and school curriculum. 
This study specifically sought to determine: 
(a) the thrust and characteristic features of the teacher training; 
(b) the relevance of the teacher training programme for integrated science students to 
their role in schools; 
(c) the concepts of integration implied and reflected in both the junior secondary school 
national core curriculum for integrated science and in the curricula for teacher 
training; further to compare and contrast the views found; 
(d) the perception and understanding of "integration of science" in schools held by 
practising integrated science teachers, student teachers and the teacher trainers. 
The integrated science curriculum in schools; and the curriculum used in the training 
colleges and the universities were also analysed to compare and contrast the integration 
models used to structure them. 
By means of questionnaires and interviews in schools, colleges and universities in 
Nigeria, data were collected and analysed describing the views, understandings and 
practices of integrated science teacher trainers, classroom (practising) teachers and the 
student teachers in selected schools and training institutions in Nigeria. A total of two 
hundred and sixty four (264) participants responded to the questionnaires. 
In the light of the research findings, their discussions and implications, the 
following conclusions and recommendations have been made, that: 
1. There is a general low understanding of the meaning and the philosophy for integrated 
science education among the participants. The term "integrated science" was defined by 
most participants popularly as the teaching of the sciences of biology, chemistry and 
physics mixed together. 
2. The student teachers, most of whom had weak background in the pre-requisite 
sciences, saw their training curricula as overloaded and not appropriately matched to 
the duration of their training and needs. However, students from training institutions 
that were under the Nigerian Integrated Science Teacher Education Project 
(NISTEP) were relatively more positive and optimistic about their training. 
3. There is a dearth of relevantly trained integrated science practising teachers in schools 
as well as teacher trainers in the training institutions in Nigeria. 
4. The Junior Secondary School curriculum for integrated science revealed a substantial 
amount of evidence to show that it was designed with relevance to the childhsneeds, 
environmental conditions in Nigeria and reasonable meaning of integration iii scope 
and intensity. The NISTEP curriculum appear to be a good model for the training of 
teachers to implement the JSS curriculum. Those of universities are more or less 
ambitious. 
It is recommended that a systematic programme of teacher training for integrated science 
be mounted to meet the need of the junior secondary schools as well as the teacher 
training institutions. First, a rigorous orientation and training of the teacher trainers in the 
meaning, philosophy and the methodology of integrated science education. The Science 
Teachers Association of Nigeria (STAN) and the National Commission for College of 
Education (NCCE) can work together to achieve this goal. The NISTEP human and 
material resources and the STAN Integrated Science Panel can be invaluable vehicles in 
meeting both the full time and INSET training needs. 
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CHAPTER I 
INTRODUCTION. 
The period between 1959 and 1969 was characterised by activities in many parts of 
the world to develop new and suitable science curricula for the primary schools and junior 
classes of the secondary school. The consequence of this, was a world-wide educational 
revolution in the area of science education aimed at effecting changes either in the education 
structure itself, the content of educational programmes or even instructional methods. In 
America, for instance, the American Association for the Advancement of Science (AAAS), 
developed new curricula. Prominent among these curricula are: Science-A process 
Approach (SAPA), Physical Science Study Committee (PSSC), Biological Sciences 
Curriculum Study ( BSCS ) and the Chemical Education Material Study (CHEM Study) 
(Harbeck (Ed), 1976). In the United Kingdom, the Nuffield Science Teaching Project 
initiated many science education reforms. In Africa, apart from the efforts of various 
Ministries of Education in Kenya and Nigeria, the African Primary Science Programme 
(APSP) of the Education Development Centre was founded with the aim of assisting 
participating countries in the development of materials and methods suitable for the 
introduction of modern science instruction into the primary schools. 
These various efforts are indeed justified in view of the vast expansion of scientific 
knowledge, its attendant effects and its relevance to our lives. 
The UNESCO harnessed these various curricular efforts by convening a planning 
meeting in integrated science teaching in Paris from the 17-19 March, 1969. This meeting 
used as its basis the aspiration for integrated science teaching at the primary and junior 
secondary levels set forth in the CIES report of the Congress on integrated science teaching 
which took place in Varna, Bulgaria, Sept. 1968, and the final report of the regional 
workshop on UNESCO/UNICEF assisted projects in science education in Asia, Bangkok, 
Nov., 1968. 
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This upsurge in curriculum reform could be said to be an outcome of several 
factors. In explaining some of these factors, Okunrotifa,(1980) said : 
apart from the continuing explosion of new knowledge which increases 
the rate of obsolescence of school curricula, the break clown of 
interdisciplinary boundaries, particularly in the sciences, has given new 
dimensions to contemporary education. New fringe disciplines and 
fields of knowledge have arisen, the horizons of traditional disciplines 
have expanded and techniques developed in one discipline are being 
applied in others. There was a need therefore to reflect these changes in 
the curriculum. 
During these early periods of the introduction of science teaching in schools 
worldwide in which some forms of physics, chemistry and biology were taught particularly 
at the lower level of the secondary school, it became clear that science was being treated as 
a fragmented perspective of the environment and more attention was given to the 
acquisition of the end products of science, such as facts, rules, laws and principles. The 
process component of scientific training that offers the opportunity for skill and attitude 
development was overlooked and most of the pupils' learning activities were centred on 
experiments and observations that verified known scientific laws and principles 
(Cole,1989). Curricular reforms were therefore directed at addressing such lapses as this. 
The reforms were also to accommodate the new emphasis in science education 
which has shifted from the heavily biased goal of producing only the elite minority of 
scientists, technicians and engineers for industrial growth to one of promoting scientific 
literacy and critical thinking ability among a whole population. Kirk, (1973); Lambert, 
(1979) and Sabar, (1978) expressed the need for the education of the general public 
through science. Every individual, they said, has the right to education of which science is 
a segment. This buttresses the point of scientific literacy advocated for by many people. 
For example, it is the belief of Showalter (1979) that a scientifically literate person:- 
1.- understands the nature of scientific knowledge; 
2.- understands and accurately applies appropriate science concepts in interacting with his 
or her universe; 
3.- uses processes of science appropriately in solving problems, making decisions and 
furthering his or her own understanding of the universe; 
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4.- understands the values that underlie science and consciously chooses to apply them or 
not in interacting with his or her universe; 
5.- understands and appreciates the joint enterprise of science and technology and the 
interaction of these with each other and with other aspects of the society; 
6.- has developed a richer more satisfying and more stimulating views of the universe as a 
result of his or her education in science and seeks to extend this education throughout life; 
7.- has developed numerous manipulative skills associated with science and technology; 
8.- has developed an ability to think on the formal operations level as described by Piaget 
and others. 
The present trend in integrated science therefore seemed to be going beyond mere 
integration of science disciplines to accomplish the task of general science education. 
In Nigeria, the Science Teachers' Association of Nigeria (STAN) spear-headed the 
science education curriculum reforms. The Association, in an attempt to make science 
accessible to a more significant population of Nigerian children in the lower forms of our 
secondary schools, and in response to the call to make science more relevant to the needs 
and aspirations of our developing society, developed the first phase of integrated science 
curriculum for use in the junior secondary schools. In developing this integrated science 
curriculum, considerable attention was paid to such questions as : 
(a). Why do we teach science? 
(b). Is the science we teach appropriate and relevant to the scientific and 
educational needs of our children and of our society?. This second question 
was considered in three main parts: 
i. Are we taking sufficient account of individual differences such as 
the range of abilities, aptitudes and the varying environmental factors 
operating on the child, in our science teaching? 
ii. Are we teaching our science in a manner that makes it meaningful 
to, and has a lasting effect on our pupils not only in the strictly 
scientific sense, but in a way that has a general educative and practical 
values for our children? 
iii. Is the subject matter of our science teaching best suited to the needs 
of our children and our society? (STAN Curriculum NewsLetter 
No.1, 1970) 
The traditional assumptions made in respect of such questions have been that 
science teaching was mainly concerned with imparting of factual knowledge. Further, the 
content of science education should be fairly uniform all over the world even including 
biological sciences. The accumulation of experiences in science education over the years, 
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however, has shown that neither of these assumptions is valid. For a purely factual 
approach to science has little lasting impact and the needs of people, in respect of science 
educational content, are now known to vary quite widely from place to place 
(Foecke,1974). 
The STAN integrated science course defined the aims of the course not only in 
terms of the factual knowledge to be acquired by the pupils, but also in terms of the 
ultimate modes of behaviour of the pupils both in their approach to problems in their 
science studies at school and in the larger world of their working lives. The document 
concluded with a recognition of the role of the teacher when it said: 
In attempting to achieve these aims, it must be borne in mind that 
qualification and professional training of the teacher, whose task is to 
teach the course, cannot be overlooked. 
1.2 BACKGROUND AND STATEMENT OF THE PROBLEM. 
Performance of teachers in the Integrated Science enterprise is currently 
out of tune with the philosophy of the Nigerian Integrated Science 
education. This has precipitated a crisis situation in the classrooms 
thereby raising serious doubt about the accomplishment of the objectives 
of the Integrated Science programme. The point is made that the crisis 
hinges on lack of appropriate training for teachers coupled with a seeming 
apathy by most universities towards Integrated Science education... 
(Maduabum, 1990) 
Teachers are the pillars of support in the implementation of programmes in any 
educational system. There appears to be a one-to -one correspondence in the success or 
failure of an educational programme and the strength or weaknesses of the teachers in the 
system as "no education system can rise above the quality of its teachers" (Fed. Rep. of 
Nigeria, 1981). It is apparent therefore that the quality of integrated science teaching in the 
schools cannot rise above the quality of the integrated science teachers. 
The birth of integrated science education into the Nigerian school curriculum was 
not accompanied simultaneously by any corresponding programme of teacher education. 
For even after about a decade of introducing the new curriculum into the classroom, 
institutionalised teachers' training programmes did not include courses in integrated science 
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(Jegede, 1981). The assumption then as now was that any teacher who had a qualification 
(degree or NCE) in any of biology, chemistry, physics, the earth sciences and 
mathematics, could teach integrated science. Teachers with qualifications in single science 
disciplines or some elementary background knowledge in science were being 
indiscriminately assigned to the teaching of integrated science, and of course, without any 
form of initial preparation or guidance for the task. Teachers are being asked to teach what 
they have neither learnt nor have been trained to teach. In fact, teachers who have been 
taught science only in specialised packages and might have also been taught by methods 
which probably have stressed lecture and memorisation and avoiding direct involvement in 
experimental work are now being expected to depart completely from this background and 
teach science in both an integrated and inquiry- oriented manner. How is this miracle 
expected to happen? 
Studies conducted on the attitudes and performances of integrated science teachers 
in Nigeria, however, have been quite revealing. For instance, studies carried out by 
Odubunmi ( 1981 ), Mani (1981), Olarewaju and Balogun ( 1984 ), to survey the teaching 
methods being employed by some teachers of integrated science, found that lecturing and 
note taking dominated the school lessons. 
Reporting his own research experience, Olarinoye ( 1983 ), observed that most of 
the integrated science teachers show and express their biases in teaching the contents of the 
curriculum. They were found to be active and interested in teaching those content areas 
within the disciplines in which they are specialised. Such teachers could not therefore 
handle effectively those areas on the curriculum considered to be 'foreign'. 
Studies were also carried out to find out what concepts of integrated science was 
held by pre-service and in-service teachers of integrated science. The finding revealed that it 
is popularly held by most teachers of integrated science that the subject is merely a 
combination of biology, chemistry and physics, (Olarewaju, 1983; Jegede, 1983; 
Akinmade, 1988b). Very recently Jegede (1989) reported a study in which integrated 
science students were asked to assess their teachers for characteristics of effective teaching. 
Part of the results showed that quite a large number of teachers have been assessed by their 
students as 
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...spending too much time giving us facts and information instead of 
practical experimental work, ...do not make adequate plans for the 
laboratory activities, and ... do not collect necessary materials for 
laboratory activities. 
It would appear that all is not well with the integrated science enterprise in Nigeria. 
It is also a strong pointer to the fact that, if integrated science education in Nigeria is to 
achieve its intended goals, there is certainly a crucial need for an appropriate teacher 
education. A number of teacher training institutions ( Colleges of education and the 
Universities ) have realised this need and have picked up the challenge to educate teachers 
of integrated science. Although the efforts are commendable, practices have been far from 
uniform. While the Nigerian Universities evolve separately their own integrated science 
curricula, the Colleges of Education have recently been brought under a single management 
of a federally constituted "National Commission for Colleges of Education" (NCCE ). The 
commission, charged with over-seeing the programmes of all colleges of education in the 
country has recently designed a national core curriculum for all subjects including 
integrated science, for the education and training of teachers in all colleges in the country. 
This, in fact, was the beginning of harmonising programmes at the colleges of education 
level which, hitherto, a few of our universities, through the different instruments of 
affiliation, have ministered to their academic and certification needs. 
Today, these trained integrated science 'specialist teachers', though few in number, 
are serving in various capacities in our primary and secondary schools. It can be assumed 
that these specialist integrated science teachers have varied background and experiences 
from their trainings, since the training institutions, in particular the universities, do not 
operate a unified training scheme. Furthermore, a complication in the training of integrated 
science teachers at some of the training institutions may arise from the lack of adequately 
qualified science educators. As it is most often than not, a number of these teacher trainers 
are themselves single science professionals with very little or no experience at all in the 
meaning, philosophy and objectives of integrated science teaching. Furthermore, a good 
number of these teacher trainers may also lack strong professional background in education 
and experience with which to guide the student teachers, exacerbating the problem. 
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This study is therefore attempting to carry out a survey of the institutionalised 
training programmes for the pre-service teachers of integrated science in Nigeria. The study 
will specifically attempt to determine the present state of the training as well as attempt to 
establish the adequacy and appropriateness of the training programmes for the task of 
integrated science teaching in Nigeria. The adequacy and appropriateness of the programme 
will be considered in terms of relevance structure 	 experiences and duration of the 
programme. The survey will focus on both the universities and colleges of education 
examining the type and nature of training for the teachers of integrated science- what is 
being done, how it is done and perhaps, reasons for doing it that way. 
Specifically, the study will attempt to focus on the following questions 
1.2.1 Research Questions: 
1. How is the concept of integration portrayed in:- 
(a) the Nigerian integrated science core-curriculum for the Junior Secondary 
School? 
(b) the Nigerian core-curriculum for teacher training in the colleges of education? 
(c) the B.Ed integrated science teacher training curricula in the Nigerian universities 
sampled for this study? 
2. Is there any relationship between the teacher training curricula and the curriculum for 
which the teachers are being prepared to implement? 
3. What are the characteristic features of the integrated science teacher training programmes 
in the selected colleges and universities? 
4. How do the trained and untrained integrated science classroom teachers perceive 
integrated science and its teaching in school? 
5. Is there any difference in the way the integrated science student teachers and their 
trainers perceive integrated science and its teaching in school? 
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1.3 PURPOSE OF STUDY. 
This study aims at examining the nature, quality and the appropriateness of the 
education being given to pre-service teachers of integrated science to prepare them for the 
effective implementation of the Nigeria integrated science core-curriculum for the Junior 
Secondary Schools. The study is hoped to serve as a basis for identifying the main 
characteristic features of teacher education programme for integrated science teaching in 
Nigerian. Efforts will be made to identify the strengths and weaknesses in the programmes 
with a view to making proposalyfor possible improvement strategies. 
1.4 SIGNIFICANCE OF THE STUDY. 
The importance and role of science in a developing country like Nigeria cannot be 
over-emphasised. This model is based on the assumption that nations which have attained 
greatness in science and technology have paid great attention to the appropriate management 
of all the factors that are in interplay within an educational system - the curriculum, pupils, 
teachers, educational policy makers etc. For instance, an Asian Policy Paper "Asian Model 
Education Development: Perspectives for 1965-1980'(Ajakaiye, 1989) states 
...it is the application of science and technology that has made it 
possible for the advanced countries of the world to banish poverty and 
provide a high standard of living. A similar scientific and technological 
revolution would have to be brought about in Asia if a new social order 
that would provide abundant life for all is to be created. 
Nigeria's shift in emphasis towards scientific and technological development would 
not only require the development of a relevant science curriculum, but would also require a 
sizeable number of trained personnel to staff the programme. The teacher factor in 
particular is an indispensable determinant of the successful implementation of any 
curriculum innovation. Stake et al, (1978), succinctly put it : 
what science education will be for any one child for any one year, is 
most dependent on what the child's teacher believes, knows, and does -
and does not believe, does not know and does not do. For essentially all 
of science learned in school, the teacher is the enabler, the inspiration 
and the constraint. 
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Jegede (1981), observed that the Nigerian situation appears to be a case in which 
the teachers of integrated science are being asked to teach what they have not learnt. By the 
philosophy and nature of integrated science, it is obvious that it demands much from the 
teachers. A large number of these science teachers present in our classrooms today have 
learned science in separate specialisation and by other methods believed to be alien to those 
used in modern integrated science courses, yet they are expected to completely adapt to the 
demands of integrated science courses with very little guidance. It is, therefore necessary 
that the teachers of integrated science be given the appropriate kind of training that will 
make them feel more comfortable and confident with implementing the subject. The training 
should not only help the teachers to build confidence but also to acquire the competence to 
handle their work effectively to meet the desIgoal of the programme. Integrated science 
which is student and activity oriented - a 'hands on' approach to our science teaching, 
requires at least in part that the teacher be taught in like manner. 
How successful the Nigerian core-curriculum implementation will be towards 
achieving its goals depends to a large extent on the classroom teachers who will attempt to 
translate the theory into practice, making integrated science both relevant and interesting to 
the learner. The science teacher is expected to function as a facilitator and a catalyst to 
education in general" (ASE, 1971). Faure (1972) in Owoseye (1983), believes that the 
teacher will have to become more and more an adviser in the classroom, a partner to talk 
to, he will have to devote more time and energy to be productive and creative. Sawyer 
(1980) added that the teachers are the key to development and sustenance of interest in 
science if only they are able to weave science taught in schools on to the knowledge of 
ideas children bring with them to school. In this way the inter-play between the expected 
and the surprising may be capitalised upon in producing teaching-learning situation. 
Reflecting on this highly demanding role expected of the science teacher, it is 
obvious that the teacher requires help in order to build the necessary competencies that will 
enable him perform his role confidently and effectively. This concern underscores the 
importance of this study. 
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1.5 THE NIGERIAN SYSTEM OF EDUCATION: a brief review. 
This section gives a synopsis of the Nigerian system of education; its philosophy, 
objectives, structure and organisation. A historical development and status of science 
education in the school curriculum in Nigeria is described. 
Philosophy -The National Policy on Education states that the philosophy of Nigerian 
education is based on: 
the integration of the individual into a sound and effective citizen and equal 
educational opportunities for all citizens of the nation at the primary, 
secondary and the tertiary levels, both inside and outside the formal school 
system. (Adaralegbe, Ed. 1972 ; Fed. Govt of Nigeria. 1981). 
Objectives - The aims and objectives of the national policy on education to which the 
philosophy is linked are:- 
1. the inculcation of national consciousness and national unity; 
2. the inculcation of the right type of values and attitudes for survival of individuals in the 
Nigerian society; 
3. the training of the mind in understanding the world around; 
4. the acquisition of appropriate skills, abilities and competencies, both mental and 
physical, as equipment for the individual to live and contribute to the development of his 
society. 
The system of education being operated in Nigeria is known as the 6-3-3-4 which 
identifies the years spent in successive phases of education. 
1.5.1 The 6-3-3-4 System OF Education : Structure and Organisation. 
1.5.1.1 Primary Education 
Six years of primary education are given to the children who must have attained the 
age of six at the start of this phase. This stage has an objective of broad-based education. 
1.5.1.2 Secondary Education 
This phase is given in two stages; Junior Secondary School and Senior Secondary 
School, each of three years duration (total of six years); hence the 3:3 system described in 
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the title. The broad aims of secondary education are as a preparation for useful living and 
for higher education. The two phases are described as follows: 
The Junior Secondary School education: It is both a pre-vocational and 
academic course. Every student is offered the following subjects:- mathematics, English 
(language and literature), language of the environment, one major Nigerian language , 
integrated science, social studies, creative art (music & art), practical agriculture, religious 
studies, physical education, and any two pre-vocational subjects (introductory technology, 
local crafts, home economics & business studies). 
Examination and certification of pupils are based on the continuous assessment method 
together with an end of course examination conducted by the appropriate Ministry of 
Education leading to the award of the Junior School Certificate (J.S.C.). 
The Senior Secondary School Education: At the end of the Junior 
Secondary School education, successful students may proceed to the second stage of 
secondary education. There are three types of institutions at this stage: 
1. Senior Secondary Schools; 
2. Technical Colleges; 
3. Teachers' Colleges. 
Placement of the child in any of these depends on his/her ability, aptitude and interest. 
The curricula of Technical Colleges and Teachers' Colleges are geared towards 
craftsmanship and teacher training respectively. In Senior Secondary Schools however, all 
students must compulsorily offer the following subjects:- 
English language; 
Mathematics; 
One Nigerian language; 
One of chemistry, physics and biology; 
One of literature in English, history and geography; 
Agricultural science or a vocational subject. 
In addition to the above, students must offer three elective subjects, not already offered as 
one of the core subjects, and may drop one of these electives in the third year. The elective 
subjects are, additional mathematics, agricultural science, auto-mechanic, arabic studies, 
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biology, bible knowledge, book-keeping, chemistry, commerce, economics, electronics, 
English literature, fine art, french, geography, government, health science, history, home 
economics, islamic studies, metal work, music, physical education, physics, short-hand, 
technical drawing, typing and woodwork. 
Examination and certification are based on the continuous assessment together with 
a national examination conducted by the West African Examination Council (W.A.E.C.) 
leading to the award of the Senior School Certificate (S.S.C.). 
1.5.1.3 Higher Education. 
This is a stage for specialisation, the minimum entry qualification being the S.S.C. 
Higher Education is, therefore, a post-secondary education, given in either a university, a 
polytechnic, a college of education or a school of agriculture, forestry, nursing school, 
etc.. Most basic courses in the university run for four years, colleges of education run three 
years courses leading to the award of the Nigeria Certificate in Education (N.C.E.). The 
polytechnic courses are in two phases, each of a two year duration leading to the award of 
the National Diploma (N.D.) and Higher National Diploma (H.N.D.) respectively. The 
educational programme is summarised in Figure 1.1 below. 
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Figure 1.1 	 The Nigerian 6-3-3-4 System of Education 
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1.6 THE EMERGENCE AND DEVELOPMENT OF SCIENCE 
EDUCATION IN THE SCHOOL CURRICULUM IN NIGERIA. 
Although western education was introduced to Nigeria in 1843 when the first 
known primary school was established by the missionaries, the history of modern science 
teaching in Nigerian schools is very recent. The trend of science education in Nigeria, 
unlike most western countries, where science teaching grew from the universities to the 
high schools, in Nigeria science has its roots in the primary schools(Abdullahi, 1982). 
According to Omolewa (1977), even when the missionaries were establishing post-
primary institutions in the second half of 19th century, there were few attempts at science 
teaching. Rudiments of science, he said, were introduced by missionary doctors and other 
science enthusiasts who were influenced by the developments in Britain where science was 
gaining popularity through the efforts of such pioneering science lecturers as Perkins, 
Faraday, Dalton, Joule and Bunsen. He concluded that the general method of science 
teaching employed by these missionary science enthusiasts in Nigeria, like the early British 
science teachers, was not based on practical classes. 
Until the beginning of 1930s, science teaching in most Nigerian schools was a 
'glorification of nature' (Abdullahi, 1982). However, as from 1928 when the School 
Certificate Examination was introduced into Nigeria with Oxford and Cambridge 
Examination Boards as moderators, the secondary schools in Nigeria began to adapt the 
syllabuses for English high schools in the teaching of science. In view of the difficulty in 
securing trained science teachers and resources for science teaching, there was lack of 
uniformity in science teaching. While some schools were offering general science which 
consisted of biology, chemistry and physics, taught as a basic course leading to the school 
certificate level, other schools taught general science at the lower forms and in senior 
classes, students could specialise in biology, chemistry and physics. 
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1.6.1 General Science. 
The concept of general science as a subject to be offered up to the school certificate, 
has its historical source from Britain whose educational system Nigeria inherited (Taiwo, 
1975, Abdullahi, 1982). They explained that, in 1937, the British Associations(the Science 
Masters Association & the Association of Women Science Teachers) published a policy 
paper titled "General Science in schools"( Lucas & Chisman, 1973). The paper argued that 
as much as knowledge of general science forms an essential part of a liberal education, it 
should be taught in all secondary schools. Among other things, the general science course 
was designed to meet the following objectives:- 
1. As a means not merely of giving the child a lot of scientific information, but also of 
developing in him certain attitudes and skills such as accurate observation, logical 
reasoning, and desire to experiment 
2. General science would deal with the every day application of science. 
3. General science should show the unity of science rather than the compartmentalisation of 
science into separate disciplines such as biology, chemistry and physics. 
Thus by 1950 most Nigerian secondary schools were offering general science in 
one form or the other but the general trend was to offer it as a single subject up to the 
School Certificate Examination partly because of the dearth of science teachers in single 
subject areas and mostly because of the lack of resources needed to teach basic sciences up 
to the School Certificate level. However, by the mid 1950s, general science in Nigerian 
schools began to experience a failure as an approach to science teaching for the following 
reasons:- 
1. When Higher School Certificate (H.S.C.) courses were started in the more developed 
secondary schools, students who had successfully completed School Certificate General 
Science could not be easily accepted into the H.S.C. course to study biology, chemistry, 
physics except they gained a distinction in the course. 
2. General science at the school certificate level was regarded as a 'soft option' - seen to be 
less demanding than the separate disciplines, not only in the coverage but it was also 
thought to be less demanding intellectually. 
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3. The teachers often taught the topics in which they possess competence in, hence in some 
schools it was not uncommon to find three teachers assigned to the same general science 
course. 
Consequently, by the mid 1950s, most Nigerian schools had returned to the science 
education pattern with a two - tier approach in which general science was taught in the first 
two years to every student in a five year secondary school education programme. Students 
are subsequently allowed to specialise during the last three years so that those who desire 
careers in science could choose two or three basic sciences depending on their abilities. 
Furthermore, students who want to specialise in Arts subjects, select one science subject to 
meet the requirements of the School Certificate Examinations. Today, science subjects have 
not caught up with Arts subjects in popularity. Despite deliberate efforts to obtain a ratio of 
60:40 between science and Arts subjects respectively in post primary institutions, science 
subjects are still very low and far below Arts subjects in enrolments (Abdullahi, 1982; 
Ajakaiye, 1989). 
The West African Examination Council (W.A.E.C.) was established in 1950 to take 
over the functions of the Oxford and Cambridge School Certificate Examinations Boards. 
From that period, according to Abdullahi, changes were introduced "to reflect the need to 
indigenise the contents and scope of science teaching in Nigerian schools." He described 
the then science syllabuses as reflecting British requirements and aspirations rather than 
Nigerian and that most activities in science teaching were beyond the experience of the 
Nigerian students. 
In an effort to popularise science in schools, science teachers all over the country 
met and inaugurated the Science Teachers Association of Nigeria (S.T.A.N.) in 1957. It is 
this association which saw to the emergence of Integrated Science as a subject to be taught 
in the junior forms. The successful introduction of the Integrated Science into the junior 
forms resulted in a shift in the objectives and methods of science teaching in our secondary 
schools. The S.T.A.N. Integrated Science Project was concerned with the teaching of 
science through inquiry and discovery approach in which students come to understand and 
develop science concepts by investigating and experimenting on their own. 
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By the turn of 1980s, it has become recognised that science is not only an academic 
discipline for scientists, not only as an important tool of industry, medicine, agriculture, 
but also an important instrument for making socio-political and economic decisions. 
Science, we are reminded, is a way of life which cuts across all social, cultural and political 
boundaries (Bajah, 1982). Thus, a target of 'science for all' became the guiding principle 
for science education at the elementary level. This objective, among others, gave impetus to 
the emergence of the many integrated science education of which the Nigerian Integrated 
Science Project (NISP) is one. The next chapter reviews the historical development of this 
project. 
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1.7 DEFINITIONS OF TERMS/ ABBREVIATIONS 
Federal university or college or school - These are institutions established and run 
by the Federal Government of Nigeria, the direct administrative organ being 
the federal ministry of education. 
Private School - A secondary school that has been established by an individual and have 
that individual as its sole proprietor. Such a school may or may not benefit 
from any government grant. 
Voluntary Agency School - This is a secondary school established and managed by a 
corporate body such missionary organisation, community association etc. 
National university Commission (N.U.C) - A body set up by the Federal 
Government of Nigeria and charged with the responsibility of making 
policies as they affect the establishment and running of universities (private 
or Government) in Nigeria. 
Federal Character - A political term describing the ethno-geo-political factors often 
used as the yard stick for sharing the 'National Cake' to the states of the 
federation. The 'national cake' could be economic distribution, educational 
opportunity and other such human needs. 
Practising Teachers - These are integrated science teachers who were on permanent 
teaching appointments in the secondary schools at the time of data collection 
for this research. 
Teacher Trainers - These are teachers in the colleges of education and universities who 
are involved with the training of integrated science teachers in Nigeria. 
Student Teachers - These are students undergoing preservice teacher training for 
integrated science teaching. 
Joint Admission and Matriculation Board (JAMB) - This is a body set up by the 
Federal Government to take care of admissions into all the universities in 
Nigeria. 
UNESCO - United Nations Educational, Scientific and Cultural Organisation. 
UNICEF - United Nations Children Education Fund. 
31 
STAN - Science Teachers Association of Nigeria. 
NCE - Nigeria Certificate of Education. 
NCCE - National Commission for Colleges of Education. 
WAEC - West African Examination Council. 
NISP - Nigerian Integrated Science Project. 
CESAC - Comparative Educational Study and Adaptation Centre. 
CREDO - Curriculum Renewal and Educational Development Overseas. 
ICSU - International Council of Scientific Union. 
NISTEP - Nigeria Integrated Science Teacher Education Project. 
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CHAPTER 2 
THE NIGERIAN INTEGRATED SCIENCE PROJECT (N.I.S.P.) 
We have understood from the previous chapter that the Science Teachers 
Association of Nigeria (STAN) spear-headed the science education curriculum reforms in 
Nigeria. The Nigerian Integrated Science Project was the brain child of this association 
aimed at introducing a Nigerian version of integrated science education to the lower forms 
of the secondary school. 
This chapter discusses the evolution and introduction of integrated science into the 
Nigerian school system. It has been put together from the records of the Science Teachers 
Association of Nigeria (S.T.A.N.) (1970), Jegede, (1981), and Bajah (1982). The 
subsequent development of integrated science as a school subject to its present status and 
reports of evaluation exercises on the NISP are also discussed. 
Integrated Science was not a school subject in Nigeria until the early 70s when it 
was introduced by the Science Teachers Association of Nigeria(STAN). The story for the 
emergence of integrated science as a school subject says that it started early in 1968 when a 
request was received by S.T.A.N. from the West African Examination Council 
(W.A.E.C.), that S.T.A.N. should make recommendations to the Council for revision and 
improvement of the current West African School Certificate science syllabuses. This was 
felt to be necessary in the light of modern developments in science education and in view of 
the rapid changes occurring in scientific knowledge. Furthermore it was felt that with the 
up-dating of the Higher School Certificate (H.S.C.) syllabus, the gap between the West 
African School Certificate (W.A.S.C.) and the H.S.0 was widened and so an up-dating of 
the W.A.S.C. syllabuses would help to bridge the gap. In response to the request, the 
National Executive Committee of STAN constituted three curriculum development 
committees one each in biology, chemistry, and physics in May 1968. Later that year, a 
fourth committee, the mathematics committee was also constituted by STAN. The terms of 
reference of these curriculum development committees were set out as follows : 
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i. To review and revise the existing science and mathematics syllabuses. 
ii. To produce teachers and pupils materials relevant to the revised syllabuses. 
iii. To perform such other functions connected with science curriculum development as the 
STAN Executive may from time to time direct 
iv. To cooperate with any other science curriculum development groups to achieve these 
ends. 
2.1 THE BIRTH OF N.I.S.P. 
At one of the Executive committee meetings, a member wanted to know the 
foundation on which the science syllabuses for the WASC, now under review, were to be 
built. In effect, he wanted to know what kind of assumed scientific knowledge and 
processes the students who would use the newly developed syllabuses possess. The 
answer to this basic question which to some members looked obvious but proved not to be 
so obvious, was indeed the beginning of the Nigerian Integrated Science Project(Bajah, 
1982). A major break through that was to change the course of events came when some 
members of the committee reasoned along this line and concurred that whatever materials 
they finally developed in the chemistry, physics and biology for the higher forms of the 
secondary school would presuppose a sound basic foundation in science in the junior 
forms. They contended that no matter how good their materials were, if the students who 
would use them do not have a balanced nationally uniform science background, all their 
efforts would be in vain. This position marked the turning point! After a series of brain 
storming meetings, it was then agreed that if STAN so desired, it could develop the 
integrated science programme on its own and this eventually led to the birth of the NISP. 
The various subject committees were then mandated to select representatives to an all 
embracing integrated science curriculum committee. This committee was then charged with 
the responsibility of producing the relevant materials for the integrated science. 
The newly constituted integrated science committee published its first document in 
January, 1970 [Howell G.(Ed).1970], under the caption "Curriculum Development 
Newsletter No.1". This document, which contains statement of philosophy, methodology, 
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content and evaluation of integrated science, is a course for the first two years of Nigerian 
secondary school. Firmly rooted in the ideas expressed in this document are fundamental 
issues of integration in science. The Curriculum Development Newsletter which was the 
first document to lay down the blue print for Integrated Science teaching at the junior 
secondary school level in Nigeria, identified a number of aims for the course. These aims 
were largely predicated on the "modes of behaviour" that should be expected of a child as a 
result of his/her "school science work". Hence the aims specified that the course should 
enable the child to: 
(a) be actively involved in the learning process; 
(b) develop the motivation and the ability to work and think in an independent fashion; 
(c) recall information and experiences; 
(d) devise scheme for solving problems; 
(e) use and classify given information; 
(f) apply previous knowledge to new situations; 
(g) interpret information showing evidence of judgement and assessment; 
(h) communicate selectively and effectively; 
(i) relate his experiences in each subject area to other subject areas and to live in his 
society. 
The integrating principles as specified by the document, are intended to produce among 
other things, a course which; 
1. is relevant to student needs and experiences; 
2. stresses the fundamental unity of science; 
3. lays adequate foundations for subsequent specialist study, and 
4. adds a cultural dimension to science education. 
the course content specification contained six sections, divided equally 
into year one and two. In all there were seventeen units, year two containing nine units. 
YEAR 1 
SECTION 1 - EXPLORING SCIENCE - variety of matter. 
Unit 1 - Observing the environment. 
Unit 2 - Order in matter I (Living matter). 
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Unit 3 - Order in matter II (Non-living matter). 
Unit 4 - Materials and where they come from. 
SECTION 2 - INVESTIGATION OF AIR AND WATER. 
Unit 5 - The nature of air and the problem of burning. 
Unit 6 - Water - what is water made of? 
SECTION 3 - FORCE, WORK AND ENERGY. 
Unit 7 - Force and Work. 
Unit 8 - Forms of energy. 
YEAR 2 
SECTION 4 - ACTIVITIES OF LIVING THINGS. 
Unit 9 - Movement. 
Unit 10 - Feeding. 
Unit 11 - Reproduction, development and growth. 
SECTION 5 - ANOTHER LOOK AT ENERGY. 
Unit 12 - Energy : conservation and transfer. 
Unit 13 - Nutrition and diet in man. 
Unit 14 - Energy and chemical systems. 
SECTION 6 - LIFE AND ENVIRONMENT. 
Unit 15 - Health and disease. 
Unit 16 - Mineral resources of the earth. 
Unit 17 - Man in space. 
The Newsletter (No. 1, 1970) also added that the essence of a beginning course in 
science is to "begin to teach students what science is and how a scientist works". To 
accomplish this, it continued, the course will use a method whereby all students "actually 
carry out the kinds of activities which scientists carry out in doing their work". This, it 
3 6 
stated, will involve them in beginning to acquire a "series of skills which are in turn related 
to the aims" outlined above. These desirable skills for students who follow the NISP were 
listed as follows: 
i. Observing carefully and thoroughly. 
ii. Reporting completely and accurately what is observed. 
iii. Organising information acquired by the above process. 
iv. Generalising on the basis of acquired information. 
v. Predicting as a result of these generalisations. 
vi. Designing experiment (including controls where necessary) to check these predictions. 
vii. Using models to explain phenomena where appropriate. 
viii. Continuing the process of inquiry when new data do not conform to predictions. 
With regards to the procedure to be adopted by teachers, the document also 
specified the 'child-centred' approach which recognises that "children learn best by doing". 
In particular it stressed three basic strategies: 
(a) Use of discovery teaching tactics whereby children would arrive at scientific knowledge 
as a result of their own understanding; 
(b) The inclusion of problem solving activities, arising where possible from pupils own 
experiences; 
(c) The involvement of students in open-ended field or laboratory exercises. 
2.1.1 NISP Curriculum Materials. 
With much financial and technical support from some individuals and organisations 
like Comparative Educational Study and Adaptation Centre (CESAC) and Curriculum 
Renewal and Educational Development Overseas (CREDO) through the British Council, 
the major writing workshop of the NISP curriculum materials took place in September, 
1970. This was followed by a critique workshop in May, 1971, held particularly for the 
draft course materials consisting of the Pupils Textbooks I and II, accompanied by 
Workbooks and Teachers Guides. By 1972, these materials were published and introduced 
into schools. It is worth mentioning here that, the STAN integrated science curriculum was 
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fully introduced directly into the classroom without the usual trial and re-trial processes that 
normally characterise the development of curriculum materials in order to determine their 
appropriateness or otherwise (Jegede, 1981 and Bajah, 1982). 
The pupils textbooks I and II contained a total of 18 units. Each unit contained 
several activities to be performed by the pupils. 
Book I 	 Unit 1 Exploring the Environment 
2 Living Things 
3 Energy 
4 Non-Living Things 
5 Extracting substances from the world around us 
6 The Nature of Air and the Problem of Burning 
7 Water 
8 Forces and Work 
9 Energy from the Sun 
Book II 	 Unit 10 Activities of Living Things - Movement 
11 Activities of Living Things - Feeding 
12 Activities of Living Things - Reproduction, Development 
& Growth 
13 More about Energy - Its conversion and Transfer 
14 Nutrition and Diet in Man 
15 Your Body at Work 
16 Health and Disease 
17 The Earth and its Resources 
18 Man in Space 
The two teachers' guides contained a detailed description and discussion of what is 
required by the teacher for every activity and how the students are to be involved. Each unit 
consisted of a set of aims and objectives. These are usually followed by the plan of the 
unit, notes of teaching the unit, notes on the activities and materials required, practical tests 
and notes for the teacher. 
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This original curriculum for integrated science developed by STAN and which the 
NISP was based has been succeeded by a national core curriculum for integrated science 
produced by the Federal Ministry of Education. This new document, published in 1981, 
contains a course outline for a three year integrated science programme for the junior 
secondary schools. The following section examines the genesis, philosophy and the 
objectives of this new national core curriculum for integrated science. 
2.2 GENESIS, PHILOSOPHY AND OBJECTIVES OF THE NIGERIA 
CORE CURRICULUM FOR INTEGRATED SCIENCE FOR THE 
JUNIOR SECONDARY SCHOOLS. 
As a result of the Federal Government decision to adopt a National Policy on 
Education, which among other things, proposed a 3-3 system of secondary education, an 
urgent need arose to design a core content curriculum on various subjects for the two levels 
of secondary education (Federal Ministry of Education, 1985). The core content curriculum 
for the junior secondary school integrated science (Appendix G) is one of such attempts by 
the Federal Ministry of Education to implement the National Policy. It must be realised that 
before the emergence of this new core curriculum for integrated science, NISP was an 
exlusive curriculum project of the STAN with just approval and support from the ministry 
of education. The West African Examination Council (WAEC) was not even concerned 
with the integrated science education as it was not examined at that level. 
The philosophy and objectives of the core-curriculum for integrated science were 
determined on consideration of the relevant portions of the National Policy on Education as 
they relate to science education in general and to integrated science in particular (Federal. 
Min. of Education, Science & Technology, 1985). 
The National Policy on education (1981) states that secondary education is expected 
to be a: 
1. Preparation for useful living within the society; 
2. Preparation for higher education. 
In specific terms the secondary schools should :- 
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a. Provide an increasing number of primary school pupils with the opportunities for 
education of a higher quality, irrespective of sex, social, religious, and ethnic back ground; 
b. Diversify its curriculum to cater for the differences in talents, opportunities and role 
possessed by and open to students after their secondary school course; 
c. Equip students to live effectively in our modem age of science and technology; 
d. Raise a generation of people who can think for themselves, respect the views and 
feelings of others, respect the dignity of labour and appreciate those values specified under 
our broad national aims and live as good citizens. 
With particular reference to the junior secondary school, the school will be both 
pre-vocational and academic. Students who, however, leave school at the junior high 
school stage may then go into apprenticeship system or some other scheme for out-of-
school vocational training. 
The integrated science core curriculum is intended to offer the junior secondary 
school children with science education foundation that provides relevant knowledge and 
appropriate scientific, intellectual and psychomotor skills to facilitate the pupils' skills in 
understanding their environment to the benefit of themselves and mankind in general. The 
course is also planned to be suitable for all pupils with a wide range of abilities, interests 
and aptitudes. It is also to serve as the foundation course for pupils who will eventually 
take up careers in science and science related disciplines at both the '0' and 'A' levels. 
inteyralir5 Principles 
The objectives ancyfor the new integrated science core curriculum are exactly as 
contained in the one reviewed earlier in this work (see.Pages 35 and 37) . 
Finally, the document describing the national core curriculum for JSS ( Federal Min. of 
Educ., 1985), outlines the following as some of the basic assumptions underlying the 
design of the core content curriculum : 
i. Given the prevailing socio-economic factors in Nigeria, under the new 3-3 system of 
secondary education, a transition rate of 70% from primary to the secondary schools may 
be assumed. 
ii. A large number of school children entering the JSS may not have been exposed to the 
primary science core-curriculum which has been nationally adopted. Therefore the teacher 
should assume little, but should try to determine the entry behaviour of the child. 
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Necessary psychological and achievement tests should be administered to the child to 
determine the entry behaviour of the learner. 
iii. The basic professional qualification for those who will teach this programme will be the 
National Certificate in Education (N.C.E.). However, during this period of transition, 
when teachers are likely to be in short supply, there should be proper induction and 
constant in-service, workshops for not only less qualified teachers but also for graduates 
with one science subject specialisation. 
iv. Above all it is expected that the teacher of integrated science would be able to 
demonstrate a positive attitude to work, be willing to improvise materials, and explore his 
environment with children without being afraid of failure. 
With the wide range of school subjects envisaged for the junior secondary school 
curriculum, integrated science has to be accommodated into the timetable. Teaching this 
programme of integrated science effectively would require sufficient time for both children 
and teachers. On this issue of time available for instruction, the integrated science core-
curriculum document recommended that, at the very least, two double periods of 40 
minutes per period be allowed to integrated science per week,(i.e. a total of 160 minutes 
weekly). The periods are to be so arranged as to allow for children's activities discussions 
and out-of-class work. 
Other essential background information (support system), such as resources for 
instruction, including an equipment list for teaching integrated science and methods of 
evaluating the integrated science programme were presented as a special annexe to the core 
curriculum document (Federal Min. of Educ., 1985). 
2.3 EVALUATION OF THE NISP. 
Evaluation studies on various aspect of the Nigerian Integrated Science Project with 
the basic aim of finding out how successful the project has been after more than a decade 
years of implementation, were done by Jegede,(1981), Bajah,( 1982) Bomicle, (1983). 
In fact there is no evidence that any extensive evaluation of the whole project has been 
undertaken other than the individual efforts by individuals on the different aspects of the 
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curriculum. Areas focused on during the evaluative exercises include , readability, 
teachers' perception, adequacy of teaching facilities, and pupils' cognitive and affective 
achievement. 
The results revealed that the integrated science teachers are not favourably disposed 
towards the project due to lack of appropriate training; the cognitive objectives achieved are 
below expectations but that the majority of students have developed 'positive attitudes' 
towards science through the project. 
As observed by Ramsey, (1974), the development of curriculum materials generally 
for integrated science has not been closely tied to the education of teachers. This 
observation is very applicable to the Nigerian situation. STAN, in taking up the challenge 
of innovation of integrated science education world-wide and with the enthusiasm of its 
writers to keep up with the trend in integrated science, over-looked the very important 
factor of teacher training. The result was that the NISP materials were introduced into the 
schools to be used by teachers who have never been properly informed about or trained to 
teach integrated science. It is therefore not surprising to obtain the results described from 
the evaluation exercises. It is hopeful, however that pupils were said to gain positive 
attitudes to science. 
It is worthwhile to conclude at this point that integrated science education had made 
an impact on Nigerian secondary schools.The difficulties notwithstanding, some progress 
had been made in developing and introducing a common core intrated science course into 
the junior secondary schools in the country. Evaluations had suggested that teachers did not 
adequately understand the nature of the integrated science curriculum nor were they 
prepared adequatlely for its interpretation and implementation. We shall turn next to the 
meaning of integrated science as it is portrayed in science curricula world wide before 
turning to the training of integrated science teachers. 
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CHAPTER 3. 
INTEGRATED SCIENCE: Origin, Meaning and Rationale. 
Before analysing the curriculum of schools and colleges, and before developing 
ways of interrogating teachers and tutors about their understanding of the course they 
were teaching, we review here the origin and meanings attributed to integrated science 
worldwide. Integrated science is a model of curriculum organisation, not an academic 
science • It is thus prone to many interpretations and meanings. 
This chapter therefore attempts to review the origin, meaning and rationale for 
integrated science with a view to establishing if there exist any general consensus about the 
concept of integration in science as held by various authors writing and nations introducing 
such courses in or for their schools. The outcome of this review is hoped to contribute 
towards a theoretical base for developing a tool to examine: 
(i) the nature of integration portrayed in the Nigerian Junior Secondary School core-
curriculum for integrated science and in the curricula for integrated science 
teacher education in Nigeria; 
(ii) opinions held about the meaning of integration in science by integrated science 
teacher educators, student-teachers and secondary school integrated science 
practising teachers; and 
(iii) what issues are to be considered relevant for inclusion in the curriculum for the 
education of teachers of integrated science as perceived by the integrated science 
teacher educators in Nigeria. 
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3.1 GENESIS AND SPREAD OF INTEGRATED SCIENCE WORLD WIDE 
The post-Sputnik curriculum reforms initiated in the United States of America in the 
late 1950s, followed by Europe and many other parts of the world in the 1960s saw the 
emergence of many progressive science curricula. The reforms were initiated by the 
Physical Science Study Committee (PSSC), Chemical Bond Approach (CBA), and CHEM 
Study - all in the United States of America; and the Nuffield Projects in the United 
Kingdom. 
These curriculum reform projects shifted emphasis in science teaching from the 
mere acquisition of factual knowledge to an emphasis on total personal development and 
active involvement of the individual pupils. This change in the methods of teaching and 
learning coupled with the emphasis on how science is used led to the foundation of what 
became known as integrated science. What existed prior to this, particularly in the United 
States of America, was the 'memorisation of definitions of formulae - dominated physics, 
chemistry and biology teaching that degenerated to drawing labelled diagrams only' 
(Lewis, 1979). 
The major aims of these curriculum reform projects according to Lewis, (1979) 
was, " to give the pupils the opportunity to be 'a scientist - for - the - day', to experience 
how scientists look for evidence, how they test hypotheses, how they look for patterns in 
the phenomena around..." 
However by the mid 1960s these immediate post-sputnik curricula were felt not to 
be fully adequate for purposes of general education. For instance, the Association for 
Science Education (ASE) in its consultative document (ASE, 1979) accuses the Nuffield 
Science Teaching Project's secondary (0- Level) curriculum of that period of concentrating 
"its main energy on the education of the future scientist". This was because the 0' level 
projects were not integratedoltlio9h they were practically oriented. As well as this 
inadequacy, Lewis (1979) further reported that some of these projects had themselves 
"come to realise that searching for fundamental laws did not meet all needs" of pupils; 
rather what was required was a broad-base curriculum in science which would provide all 
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pupils with the opportunity to learn about the central concepts of science; practice the 
processes the scientists adopt in their work; learn about how science affect their lives and 
how their decisions as citizens can influence the course of science, among others. 
According to Jegede, (1981), the writings of Conant and Bagrit, among others, did much 
in advocating for the popularisation of science through the education system so that all and 
sundry, from house wife through the business manager to political decision makers will 
have a good understanding of what science is, how it affects their lives, and how scientists 
operate. 
By the mid-1960s, it was clear that a number of these science reform movements 
have "science for all" as a major goal. In addition the recognition of the apparent intra and 
interdisciplinary integration in major scientific theories like atomic physics, 
thermodynamics, chemical bond theory, genetics, evolution etc., which had developed 
early in the century, requires the learning of a lot of scientific concepts across several 
science disciplines. Consequently, UNESCO brought together all these various efforts by 
convening a planning meeting in Paris in March 1969 to advise on its programme of 
integrated science teaching as provided for under programme resolution 2.211 adopted by 
the General Conference at its fifteenth session (Richmond, 1971). The meeting used as its 
basis, the aspiration for integrated science teaching at the primary and junior secondary 
levels set forth in the CIES report of the Verna Congress on integrated science teaching and 
in the final Report of the Regional Workshop on UNESCO/UNICEF Assisted Projects in 
Science Education in Asia, Bangkok, in November, 1968. 
The meeting noted that all the science curriculum reforms projects ( which includes 
Science 5/13; African Primary Science Project; The Elementary Science Study; The Science 
Curriculum Improvement Study; Instituto Braziliero de Educacoa Ciencia e Collura ; The 
Minnesota Mathematics and Science Teaching Project; The National Council for 
Educational Research and Training; The American Association for the Advancement of 
Science; Science-A Process Approach; The South-East Asia Ministers of Education 
Council; The Swedish International Development Authority; The National Science 
Foundation and the Educational Development Centre), have provided integrated science 
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teaching materials in which the concepts of science are presented through a unified 
approach. The meeting also recommended that these projects and others should provide 
expertise and knowledge which would be the starting point for integrated science 
programmes. 
In Britain, between 1969 and 1973, the Nuffield Foundation, the Scottish 
Education Department and the Schools Council, often co-operating with one another, 
produced and launched four integrated science curricula aimed at meeting the general 
education requirements ( Chisman & Lucas, 1973). These curricula were :- 
i. The "Scottish Integrated3cience Project" (Scottish Education Dept. 1969) 
ii. "Nuffield Combined Science Project" (Nuffield Foundation, 1970 & 1971) 
iii. "Science 5/13", and " Schools Council Integrated Science Project: Patterns" (Schools 
Council, 1972-74). 
These curricula and many similar ones that started to emerge in the United States 
and elsewhere at about the same period were referred to as "Integrated Science" curricula, 
not only because they sought to meet the requirements for general education, but also 
because they drew their subjects matter from various sciences and other disciplines 
(interdisciplinarity). These curricula displayed, albeit to varying degrees, conscious efforts 
to de-emphasise the boundaries between different disciplines in the organisation and 
presentation of instructional materials. In the United States, the curricula produced by the 
Science Curriculum Improvement Study (SCIS), the Conceptually Oriented Programme in 
Elementary Science (COPES), Science-A Process Approach (SAPA), were among many 
others in the country which fell into the integrated science category, but in very different 
ways depending on the integration model adopted. 
By the late 1960s to the early 1970s many developing nations had got wind of the 
movement in the developed countries towards an integrated approach to science teaching in 
the primary and secondary schools. Hence, between 1968 and 1971, the Science Teachers 
Association of Nigeria (STAN) had developed and published a blue-print for an integrated 
science curriculum for the first two years of Nigerian secondary schools (STAN, 1970). 
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This STAN curriculum as well as the texts for the course published later in 1971 have been 
reported by Jegede, 1980; Abah, 1991 and this study, to be closely modelled after the 
Scottish Integrated Science Project, though the contents were carefully adapted to suit the 
Nigerian environment and circumstances. 
Adapted forms of the Scottish IntegratedScience Project were also introduced into 
secondary schools in Botswana, Horikong and the Caribbean among other countries while 
modified forms of SAPA were introduced into the primary schools in many African 
countries including Ghana and Nigeria (Abah, 1991). 
The rate of dissemination of the philosophies and models of integrated science 
curricula around the world was greatly enhanced by the intervention of the UNESCO in the 
integrated science movement. In 1968, UNESCO organised the first international 
conference on integrated science in Droujba ( near Verna) Bulgaria, during which scholars 
from different parts of the world exchanged ideas about the philosophy and rationale of 
integrated science teaching. Further UNESCO conferences on integrated science teaching 
have been held in Maryland, Nijmegen, and Canberra in 1973, 1978 and 1988 
respectively. In addition to organising conferences, the UNESCO has since 1971, 
published a series of six volumes of resource books titled "New Trends in Integrated 
Science Teaching" which not only articulated the philosophy and curricula trends in the 
subject world wide, but also threw much light on vital aspects of curriculum development 
such as "teacher education" and "evaluation" in integrated science teaching. 
Sequel to this role played by UNESCO to boost integrated science education world 
wide, the number of new integrated science projects around the world has risen sharply. 
About a decade after the UNESCO first international conference on integrated science, 
Haggis and Adey (1979) identified and collected data on at least 130 courses and projects 
on integrated science being run in the world. As at now Chisman (1990) reported that in a 
survey organised by the International. Council of Association for Science Education 
(ICASE) in 1988, about 40 countries provided data about integrated science courses which 
they operated. There is therefore no doubt that integrated science has been established in 
many parts of the world and maintaining an upward trend in its growth and spread to date. 
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3.2 THE MEANING OF INTEGRATED SCIENCE. 
The difficulties inherent in the study of integrated science become apparent when 
attempts are made to define the term. This is not only a problem to the student of integrated 
science but also to their teachers, the teacher educators, curriculum developers and many 
others who are involved with or have concern for science education.There is much that 
remains confounding about the real meaning of integrated science in relation to its 
implementation. An attempt is made in this section to review the efforts made by various 
writers to throw light on the meaning of integrated science. 
In reviewing the meaning of, and argument for integrated science, Brown (1977) 
did mention that the meaning of integration and indeed the value of the integrated approach 
have not always been made explicit in spite of the fact that many integrated science curricula 
have been developed in recent years throughout the world. Earlier to Brown's observation, 
Chapman (1976) had commented on another dimension of the difficulties with the 
definition of integrated science when he said: 
"a major problem with the whole notion is to decide who has the 
authority to define it. Is it a philosopher, sociologist of knowledge, a 
science teacher, a non-science teacher, a lay member of the public, a 
pupil or the ASE?" 
In this attempt to place in perspective the many views expressed about the nature of 
integrated science, the literature reveals considerable efforts by writers to throw light on the 
meaning of integrated science. While some sources attempted a definition of integrated 
science in one to a few sentences, others preferred a descriptive approach which allows 
more room for dwelling on the philosophical, organizational, and social perspectives of 
integration. As Bajah (1983) aptly noted, straight forward definitions of integrated science 
are scantily documented; most writers prefer the descriptive approach whereby the qualities 
and advantages of integrated science are more freely discussed. 
The Verna Congress on the integrated science teaching accepted the definition of 
integrated science as the "joining together of several subjects into a single course in which 
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the concepts of science are presented through a unified approach." Clearly by the standard 
of this definition, there can exist a multiple of approaches by which this unified approach 
can be attempted, and courses vastly different both in character and aims can exist within 
this definition. 
Rutherford and Gardner (1971), Yoloye (1971), and Jacobson (1971) have looked 
at integrated science broadly as a subject arising from the learners environment and ways of 
learning about the natural world and science as a unified subject. 
In terms of curriculum development, Showalter (1975) asserted that: 
"Today, the label 'integrated science' may be applied generally to any 
curriculum development effort in which two or more previously separate 
science subjects are combined". 
Later in 1979, Showalter defined integrated science in terms of its social relevance 
when he wrote: 
"Teaching science as unity is assumed to mean that all science as human 
endeavour is taken as the source of educational objectives and learning 
activities, and that the traditional boundaries among the separate 
sciences are minimised considerably for these purpose." 
Brown (1974), considered integrated science as a science curriculum 'presented as 
a unified discipline rather than the three separate disciplines that have characterised 
secondary school science.' 
Chisman (1973), in his definition of integrated science, indicated three main 
approaches to its teaching: 
i. in which concepts and principles of science are presented in such away as to express the 
fundamental unity of scientific thought; 
ii. which emphasises the processes and methodology of the scientific outlook; 
iii. which embody a scientific study of the environment and technology requirement of 
everyday life. 
These three points are similar to those proposed by D'Arbon, cited in Cohen (1977) who 
attempted to develop an all embracing definition of the term 'Integration' as applied to 
integrated science. D'Arbon was reported to have synthesised the responses to a 
questionnaire administered to a number of well known writers in the field of integrated 
science and produced the following comprehensive definition: 
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"Integration", when applied to science courses, means that the course is 
devised and presented in such a way that the students gain the concept 
of the fundamental unity of science; the commonality of approach to 
problems of a scientific nature; and are helped to gain an understanding 
of the role and function of science in their every day life. 
An integrated science course eliminates the repetition of subject 
matter from the various sciences and does not recognise the traditional 
subject boundaries when presenting topics or themes. Integrating 
principles are intended to produce a course which: 
i. is relevant to student needs and experiences; 
ii. stresses the fundamental unity of science; 
iii. adds a cultural dimension to science education. 
It is easily noticeable that D'Arbon's definition encompasses all aspects of those 
cited above, but the point in his definition, whether deliberate or not, are stated in terms of 
students outcomes. Unfortunately, these desired student behaviours are somewhat diffuse 
and appear to defy measurement. Furthermore, his statement that "...integrating principles 
are intended to produce a course which is relevant to the student needs and experiences" 
raises more questions as to who decides what these needs or experiences are; is it the 
students themselves or the teachers, or the curriculum developers etc.?. There is also the 
use of this phrase, "...the fundamental unity of science" in the definition which also appear 
in several other definitions proffered by other writers. The use of this article "the" in the 
phrase gives the impression or assumes that there is already an existing fundamental unity 
in science to which pupils can be exposed to. If this is not the case, then the use of the 
article "a" in place of "the" would be better in removing such a strong assumption. 
Brown (1977) in a review of the meanings of integrated science identified four 
groups of meanings of integration: 
i. as the unity of all knowledge. 
ii. as the conceptual unity of the sciences. 
iii. as a unified process of scientific enquiry. 
iv. as interdisciplinary study. 
Brown's grouping was preceded by similar grouping made by Rutherford and Gardner 
(1971) when they noted that for a course to be considered truly integrated, it is necessary 
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that " concepts of science are presented through a unified approach", and they went on to 
suggest and discuss four ways in which this could be done, namely: 
i. the conceptual schemes approach. 
ii. the enquiry approach. 
iii. the relevance approach. 
iv. the process approach. 
Considering the contents of Brown's grouping on one hand and those of 
Rutherford and Gardner on the other hand suggests that groups (i), (ii) & (iv) of 
Rutherford & Gardner can be subsumed under Brown's groups (ii) and (iii) respectively. 
Thus, it can be seen that Brown's grouping is more broad and embraces all of Rutherford 
and Gardner's except for the "relevance" approach which is absent in Brown's grouping. 
Since 'relevance' is an important facet of integrated science as noted earlier in this section, 
and else where in the literature, it becomes necessary to add this group to Brown's four 
groups of meanings of "integration" as it applies to integrated science, viz.: 
i. as the unity of all knowledge; 
ii. as the conceptual unity of science; 
iii. as a unified process of scientific enquiry; 
iv. as interdisciplinary study; 
v. as the social relevance of science. 
For the purpose of making further clarification on the meaning of integrated science, these 
five broad groups of the meaning of integration are discussed briefly below. 
3.2.1 The unity of all knowledge. 
The view of integration as the unity of all knowledge is one which in the words of 
Brown (1977) "implies the greatest scope." It is the holistic view of knowledge as being 
essentially one and undivided. This view according to Rutherford and Gardner (1971) 
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stems from an implicit assumption that "the universe itself is somehow unified." Such 
assumption, they maintained, goes back to the Aristotelian belief that "all of man's 
experience and concerns are linked into a single integrated system." In a similar vein, Blum 
(1973) notes that many reputed scientists of history including Einstein "believed in the 
unity of the universe and tried to discover the unifying laws of nature." It is quite 
interesting to note that the pursuit of such discoveries by most early scientists (who might 
be regarded as 'generalists' by today's standards) delved deeply into various aspect of 
scientific research without restrictions. Thus, it was common to find one scientist deeply 
involved in research in areas that might today be categorised into astronomy, physics, 
chemistry, biological science, among others. Their concern then was on solving a particular 
problem and discovering one thing or the other about the universe and they were not 
restricted by any artificial disciplinary boundaries. Robert Boyle (1627-1691) and 
Alexander Humbolt (1769-1859) are good examples of such early scientists (Chisman, 
1990). 
Hence, the view of integration as the unity of all knowledge would, in fairly 
restricted sense, means the organisation of all relevant scientific knowledge (irrespective of 
discipline boundaries) towards providing pupils an understanding of a particular 
phenomenon, or helping them solve a particular problem relevant to the educational 
context. In the most general sense, it would mean the organisation of not only scientific 
knowledge but also other forms of knowledge for the above stated purposes. However 
Showalter (1979) cautions that integration across "realms of meaning" as implied in the 
general sense approach can cause problems. For instance he noted that "Darwinism, as 
with science, must be subject to refutation" while "Genesis, which belongs to the realm of 
synoptics is not", and hence trying to integrate these two realms could lead to disharmony. 
Even in the more restricted sense of unity of all scientific knowledge, reservations were 
expressed by Schwab (1964) when he wrote: 
The doctrine of unity of science, which insists on the unification of all 
knowledge, is either dogma or hope but not a fact. There are no data 
from which to conclude decisively that eventually all the disciplines will 
become or should become one. 
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The lack of unifying principles around which all knowledge could be organised also 
continues to pose problems. Noting the elusive nature of how the integration of "all 
knowledge" could be practically achieved, Brown (1977) concluded that curricula 
integrated in the sense of the unity of all knowledge are very seldom found. However Pring 
(1976) is of the view that the use of "themes", "Topics" and "Ideas" are capable of 
providing the kind of integrating element in a curriculum. The thematic approach is adopted 
in the organisation of the Nigerian integrated science core curriculum for the junior 
secondary schools, but to what extent the core curriculum reflects this approach to 
integration, is analysed in Chapter 6, section 6.1. 
3.2.2 The conceptual unity of the sciences 
The view of "integration" in terms of the conceptual unity of the sciences arose 
from the general belief by scientists and philosophers of science that in its bid to understand 
and explain natural phenomena in the universe, science has produced knowledge that is 
discernible in the form of broad conceptualisations. Such broad conceptualisations often 
referred to as the "big ideas" or "conceptual schemes" or "major concepts" have been 
constructed by scientists on the basis of evidence from discoveries in various scientific 
disciplines. These "big ideas" therefore represent a distillation of the intellectual 
achievements of science which bear relevance across different scientific disciplines. Their 
significance for science education is evident in the following except from Shamos (1971): 
Granted the premise that some understanding of science is important for every 
one, the question then follows, what is the best way to help students attain a 
level of understanding and appreciation of the scientific enterprise that will serve 
them through their adult lives? Our answer is to focus their attention on the 
'great ideas' in science, the broad, inclusive conceptual schemes in terms of 
which we seek to account for the familiar facts of nature. Such unifying ideas... 
are the main goals of science and we believe should form the core of a science 
curriculum. They represent the pinnacle of explanation in science and must 
surely be classed among man's greatest intellectual achievement. 
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Because of their survival value (which is by far more than that of the small concepts and 
facts subsumed under them), and the fact that they unify ideas from various science 
disciplines in a way that is acceptable to science, these conceptual schemes hold great 
appeal for the ideals of conceptual integration of the sort desired in integrated science. The 
publication of the National Science Teachers' Association (1964) and Shamos (1971) 
helped much to stress and focus the attention of science educators on the importance of 
conceptual schemes in science curriculum development. Today, a considerable number of 
these conceptual schemes and major concepts are recognised and incorporated in many 
science curricula around the world. For example, the Wisconsin Department of Public 
Instruction (Kahl, 1971) recommended six conceptual schemes for use as a basis for the 
organisation of science curricula. These schemes, each of which was assigned a one word 
identifier to be used in referring to the total idea, were presented as follows:- 
DIVERSITY...The vast number of natural phenomena which can be 
observed display a wide variety of similarities and differences. 
CHANGE...Our environment, living and non-living, microscopic and 
macroscopic, is constantly undergoing change. 
CONTINUITY...There is constancy in cause-and-effect relationships 
which precludes any abrupt reversal in natural phenomena. 
INTERACTION...The interaction of matter in an environment and the 
resulting exchange of energy determine the nature of the environment. 
ORGANISATION...Systematic relationship exist in natural 
phenomena. Systems within systems comprise the universe. 
LIMITATION...Natural phenomena are limited by the fundamental 
nature of matter and energy. There is an overall tendency towards 
random distribution of energy and a corresponding tendency towards 
equilibrium in an environment. 
An outline of how these conceptual schemes can be seen to cut across the biological, 
physical and earth sciences was also provided. 
Shamos (1971) also reported that the "Conceptually Oriented Programme in 
Elementary Science" (COPES), was organised around five conceptual schemes, namely: 
i. The structural unit of the universe; 
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ii. Interaction and change; 
iii. The conservation of energy; 
iv. The degradation of energy; 
v. The statistical view of nature. 
The Schools Council Integrated Science Project is another good example of a 
curriculum organised around the conceptual schemes of science. In that curriculum the 
following three conceptual schemes serve as the fulcrum:- 
i. Building Blocks; 
ii. Interactions; and 
iii. Energy. 
There is no doubt that the conceptual schemes approach is a very promising avenue for 
integrating the facts and concepts of the sciences. It becomes particularly 	 relevant 
when such concepts or conceptual schemes are appropriate to the developmental level of the 
pupils)as some of them can be quite abstract requiring a high cognitive level and therefore 
can be taxing for the integrated science target pupils. 
3.2.3 A unified process of scientific enquiry 
This approach emphasises the methodological distinctions and similarities among 
the sciences. The idea of integrating sciences on the basis of a unified process of enquiry 
arose from the assumption that scientists, irrespective of their special disciplines, do engage 
in certain processes or activities in the course of their work. For example , they are known 
to engage in such activities as observing, classifying, inferring, predicting, measuring, 
communicating, interpreting data, making operational definitions, formulating questions 
and hypotheses, experimenting and formulating models, among others. The belief is that if 
children are given the opportunity to practice these activities then they would be behaving in 
a manner characteristic of the scientists and hence would be learning science in an 
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integrated form through its processes. Moreover the medium of the contents with which 
they interact to practice these processes could be selected from a wide range of sources 
(biological, chemical, physical, etc.) to broaden their experiences and further the goal of 
integration. Supporting the learning of the above processes through school science 
teaching, the American Association for the Advancement of Science (1971) had this to say: 
If scientists have learned to gain in these ways, surely the elementary 
forms of what they do can begin to be learned in the early grades. This 
line of reasoning does not imply the purpose of making every one a 
scientist. Instead it puts forward the idea that understanding science 
depends upon being able to look upon and deal with the world in the 
ways that the scientists does. 
Hence the AAAS curriculum project "Science - A Process Approach (SAPA)" was based 
strictly on this philosophy. 
Swantton (1990) identified three British science curricula as "process-led" in the 
light of their heavy dependence on the process approach. These are "Nuffield Science 11-
13" (The Nuffield-Chelsea Curriculum Trust, 1986); "Warwick Process Science" (Screen, 
1987); "Science in Process" (Inner London Education Authority, 1987). A number of other 
integrated science curricula preferred to maintain a middle course. For example, Brown 
(1977) reports that the Schools Council Integrated Science Project "in addition to 
perceiving integration in the conceptual structure of science, was fundamentally concerned 
with a particular process scheme (related to Gagne's 1970 learning hierarchies and model) 
of searching for and using patterns to solve problems (see details of Curriculum project 
analysed in Chapter 4). The Scottish Integrated science project (Scottish Education 
Department, 1969) and the Nigerian Integrated Science Project (STAN, 1970) also 
indicated significant effort towards the process approach to integration in addition to other 
approaches. 
It is worth noting here that although these processes often referred to as 'Science 
Processes' are not exclusive to science, emphasis is being laid on in science because of the 
way scientists make conscious and deliberate use of the processes in their attempt to 
understand the world. But it is doubtful if other non-science endeavours which employ the 
use of these processes are any more than common sense and if ever they use all of the 
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processes as science in most cases does. These processes, taken as a set, is what 
distinguish science from other disciplines. 
3.2.4 An interdisciplinary study. 
In defining integrated science as an interdisciplinary study, it is seen as a 
collaborative venture between disciplines. It makes use of subject matter from various 
scientific and other disciplines. Abah (1991) sees this view of integration as the most 
encompassing because whether one is talking of integration from the point of view of unity 
of all knowledge, conceptual unity of the sciences, process of enquiry or social relevance, 
the involvement of subject matter from various disciplines is inevitable if full integration is 
to be a reality. 
Of course integration of subject matter within one discipline has also been in 
practice and this is what Jevons (1969) refers to as "internal integration". Common 
examples of such subject-centred, scientist-oriented curricula like the Harvard Project 
Physics, BSCS, CBA and the Nuffield Projects during their early stages of development. 
However most recent 'integrated science' programmes, especially those meant to substitute 
the discredited "general science" are almost invariably interdisciplinary in design. 
The integrated science programmes around the world however, differ in the range 
of disciplines from which they draw their subject matter which Blum (1973) calls the 
"Scope" of integration. Blum's analysis reveals, for instance, that the Schools Council 
Integrated Science Project incorporates subject matter which spans biology, chemistry, 
physics, mathematics, agriculture, health & nutrition and socio-cultural issues. He also 
showed that the Nuffield Combined Science has contents spanning biology, chemistry and 
physics in the main, with some aspects of applied and technological matters. 
Blum however drew attention to the fact that not always is a maximal scope of 
integration the best, although where young children are to investigate their own 
environment freely, such wide scope may hold the best premise. Jevons (1969) also 
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cautions that " limitations of time, of human mental abilities mean that only a limited 
number of integration can be achieved in any course." As to the strategy for achieving a 
successful interdisciplinary integration, Blum's (1973) suggestion is "to decide first, what 
educational aims should be reached and then choose, together with the subject matter 
specialists, the best way to achieve this aim." 
3.2.5 The social relevance of science. 
One of the main reasons for the introduction of integrated science in sch(x)ls was to 
make science relevant to the environment, lives and society of the pupils. It is from this 
point of view that integrated science is seen to mean science is taught to reflect its social 
relevance. 
In promoting this aspect of the meaning of integrated science, Rutherford and 
Gardner (1971) saw the social relevance of science as constituting two major components, 
namely "environmental science" and "applied science", both of which centre on the utility 
of science. Hence they saw that the inclusion of such issues as the location of nuclear 
reactors; the role of science and technology in causing and alleviating the pollution of the 
environment; the propriety of organ transplant; controlling the population; problems of 
nutrition and health; and utilisation of computer technology as components of integrated 
science course would "necessarily involve students in exploring ideas from the realms of 
physics, chemistry, biology, meteorology, geology and other sciences as well as from 
social ethics." 
Lewis (1979) expresses strongly the need for integrated science teaching to focus 
more on the relevance of science to society. He buttresses his argument by reference to a 
participant at the 1978 Nijmegen conference who persistently urged that " man must be at 
the centre of our teaching" and Einstein's appeal to scientists that 'concern for man himself 
and his fate must always form the chief interest of all technical endeavours.' Lewis then 
provided a number of themes which he stated enjoyed unanimous approval by the working 
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Land 
group at the Nijmegen conference as appropriate for use in teaching science in a socially 
relevant manner. These include: Energy- its conservation and sourcing and the dangers of 
nuclear energy; resources of land and water; environment consequent of mining; 
population; health and medicine; food, nutrition and agriculture; industry; data handling and 
communication; history of science and technology; poverty; and the quality of life. 
Chisman (1990) emphasised the need for integrated science teaching in the 1990s to 
focus on topics of social relevance which he identified as presented in Figure 2 below, and 
recommended an exploration of their interrelationships. 
Technology 
Poverty 
I Education Sciences 
Health Sciences  
Health  
	 [Agriculture 
\ I 	 Food 
[Water  
Air  
Economics 
Figure. 3.1 Topics of social relevance for integrated science teaching..  
(Chisman, 1990) 
Chisman, however, called for debates among teachers and educators on the 
"parameters" (scope) of integrated science teaching particularly the extent to which it can go 
into areas such as 'technology', 'economics' and 'ethical factors'. 
In view of the importance attached to social relevance in integrated science teaching, 
most integrated science curricula have made provisions for it. Notable examples include the 
Schools Council Integrated Science Project in England has "a significant social component" 
     
QUALITY OF LIFE Industry 
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(Haggis and Adey, 1979). The Nigerian Core-Curriculum for Integrated Science also calls 
for relating science to the life and world of the child and it contains socially relevant themes 
such as "You and your home", and "Saving your energy" among others. 
3.2.6 Summary and Conclusion. 
From the foregoing exposition and discussion on the definitions and range of 
meanings of integrated science, certain points come up clearly and strongly by which the 
researcher feels that integrated science might well be defined. Thus in the light of this, the 
meaning of integrated science can be summarised as a science course which: 
i. makes use of subject matter from various disciplines; 
ii. De-emphasises the boundaries between different disciplines in the organisation and 
presentation of subject matter, 
iii. Consciously seeks to blend the subject matter from various disciplines by organising 
them under common themes/conceptual schemes/major concepts and science processes; 
iv. Provides opportunity for practising the various science process skills including 
scientific approaches to problem solving; 
v. Promotes the application of scientific knowledge and skills to solve human problems; 
vi. Relates science to the environment and culture of the learner, 
vii. makes use of relevant psychological theories of learning in the organisation and 
presentation of subject matter, and 
viii. Provides adequate science foundation in pupils for further studies in the sciences. 
However, the main problems confronting educationists, curriculum developers and 
teachers now is how best to translate these precepts into reality. In the attempt to do this, it 
appears that different people from different countries show considerable differences in the 
amount of emphasis placed on various aspects of the meaning and purpose of integration. 
This is not altogether unexpected, because integrated science, due to its strong societal and 
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environmental fervour is bound to vary as such in order to be contextually relevant. Little 
wonder then that Hayward (1973) described integrated science as the "untidy Field". It is 
clear from here that there is no sharply delineated classification of knowledge that we can 
term integrated science, instead there exists a loose amalgam of meanings and definitions all 
of which share as a unifying characteristics "a common distaste for an organisation of 
science in to discrete, unconnected subject disciplines of the traditional type."( Brown, 
1977). 
In general, therefore, most of the definitions and range of meanings given to 
integrated science agree basically that integrated science is a unified course presented to 
pupils up to the early secondary school years serving as a good foundation for scientific 
literacy, personal growth, social relevance and general education. 
3.3 RATIONALE FOR INTEGRATED SCIENCE 
Just as there are a variety of definitions of integrated science, there are as many 
rationales or justifications advanced in support of integrated science curricula. Among the 
many arguments in favour of a unified approach to science teaching, curriculum developers 
tend to favour those which relate to the meanings of integrated science reviewed above. 
Basically the rationales have been based on "empirical evidence on value judgements and 
substantial logical arguments or on myths" (Brown, 1977). 
In providing justification for teaching unified science, the Federation for Unified 
Science Education (Kirby, 1980) advanced the reasons that: 
i. the natural phenomena have no inherent properties that make them the 
exclusive property of biology, chemistry, physics etc.; 
ii. disciplines are intellectual conveniences that facilitate specialised study; 
iii. if scientific literacy is to be a reality, education should be generalised 
rather than specialised; and 
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iv. processes and scientific enquiry are basic to all disciplines. 
Similarly, Jegede (1980), Kirby (1980) in their attempts to review from literature the 
rationale for integrated science, identified three broad categories under which the rationales 
could be grouped. These are: 
i. The unified nature of the world and the unity of knowledge. 
ii. The nature of science. 
iii. Science and society. 
A general consideration of the arguments or rationales advanced in support of the 
teaching of integrated science in schools appear to fall within the following categories:- 
i. The unified nature of the world and scientific knowledge. 
ii. Methodology and concepts in science. 
iii. Psychological and pedagogical factors. 
iv. Science and society. 
These categories are examined briefly. 
3.3.1 The unified nature of the world and scientific knowledge. 
Rutherford and Gardner (1971) in writing on this aspect claimed that as a matter of 
faith rather than as conclusion on evidence, most scientists and, indeed, most individuals 
believe that in some sense the natural world is of one piece. They raised the fundamental 
premise that science is unified in substance and contents, and that there exist " a finite set of 
logically related laws and theories... to explain natural phenomena." Showalter (1979) also 
believe in a unified natural world when John Murr's philosophical statement of 'when you 
reach out into the world and grab hold of something you find that it is hitched to everything 
else' is interpreted to mean that we live in one world and that things and events in it are 
manifestations of the same natural order and system. 
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Perhaps this could be one of the reasons why earlier scientists and philosophers like 
Aristotle, Einstein and Socrates believed very strongly that the universe is a united entity 
and proceeded to try to discover the laws that unify nature (Blum, 1973). These foregoing 
arguments, somehow Aristotelian in their flavour, may be highly debatable and unlikely to 
be persuasive to those who are not involved in integrated science. This is because the 
arguments are not based on any scientifically empirical evidence but rather on hope and 
faith. 
Perhaps the more powerful and utilitarian argument along this line is one which 
believes that disciplines are intellectual conveniences that facilitate specialised study. Many 
writers (Brown, 1974; Lewis, 1979; Booth, 1978; Showalter, 1979; Black, 1986) are 
therefore of the view that whatever boundaries we have created around subjects being 
studied are somewhat quite artificial. Evidence abounds in the fact that one of the 
characteristics of modem science has been the emergence of areas of importance which are 
arise from the overlap of traditional disciplines, e.g. biochemistry, biophysics, physical 
chemistry etc. These new disciplines require not only facility in areas of specialisation but 
also ability to communicate, to link with the more established disciplines. Blum further 
substantiated this argument when he wrote: 
"... most research is done by teams which are more often than not made 
up of scientists with special knowledge and skills in their respective 
narrow fields, but who can communicate and interact creatively with 
members of other disciplines. They must be able to see their limitations 
and how these can be overcome by creating new connections between 
different subjects and methods. Integrated science teaching can help to 
educate students to look at field of study not only from within but also 
from the viewpoint of links between disciplines." (Blum, 1973). 
3.3.2 Methodological and Conceptual Arguments 
The methodology and concepts in science are other focal points for arguments in 
support of integrated science. Kirby, (1980); Jegede, (1980) referred to this as the nature 
it 
of science related/processes, concepts and values that are unique, but general to 
other aspects of science. 
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Regarding the processes and scientific enquiry, AAAS (1970), Jacobson, (1971) 
Black, (1986) believe that they are all basic to all science disciplines and that some of the 
approaches used in the sciences are among the powerful intellectual tools available to us 
and the ability to use some of these approaches in our daily life should be part of our 
cultural legacy. Jacobson feels that the building of a scientific world view, the organisation 
of a conceptual structure of science, and the development of the ability to use some of the 
processes of science are important dimensions of science as culture. 
In support of this argument Black, (1986) explains that, although the separate 
disciplines of science have clearly defined contents, they are not independent, but that on 
one view, physics covers the whole of nature, chemistry is nested within it using its 
principles in order to study a narrower range of more complex systems, while biology is 
nested within both, using principles of the physical sciences to study problems of even 
narrower scope and greater complexity. He illustrated his view in the following diagram 
(Fig. 3.2). 
Figure 3.2: The texture of the three sciences - a pictorial metaphor. 
(Black, 1986) 
In the diagram, the full thickened circles indicate the inclusive nesting and on their 
own imply dominance of physics. The thin broken lines indicate the possibility of another 
dimension, which could be of levels of complexity, or of relevance to the human beings 
who generate this knowledge. Black then drew attention to the point that accepting that this 
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diagram has legitimacy, it gives a possibility of arguing that in respect of processes and 
concepts, science is a unified activity. For processes, it is true that at an elementary and 
vague level of description, all the sciences share the need for measurement, observation, 
inductive generalisation, prediction from models and so on. He also added that from the 
above concept of "seduction by reductionism', a view which claims that physics will 
explain the whole of chemistry, and these together will explain biology; it follows from that 
view that there is a principle of unity for science which can be the basis for an integrated 
curriculum and that integrated science should build on physics as the central model. 
The pictorial metaphor of the texture of the three sciences, depicts not only their 
relationship but also describes an element of a philosophical basis for integrated science as 
unity. 
The AAAS analysed the method used by scientists and identified a number of 
processes; eight basic and five integrated. These scientific processes are the foundation of 
one of the largest curriculum development projects in the USA; Science - A Process 
Approach (SAPA). This project designed for children from 5-12 years has as its major 
intent "...to facilitate the development of scientific processes which underlie the discovery 
and continuing development of scientific knowledge." (AAAS, 1970). 
In the same vein the Scottish Integrated science course, and other process-oriented 
curricula (see section 3.2.3) state that their intent is to show students how scientists work, 
the method they use and the processes by which they obtain their conclusions. Hence 
deliberate attempts have been and are still being made to structure curriculum programmes 
around the methodology of science. At the heart of these science process-oriented curricula, 
is the assumption that there is a methodology that is common to all sciences. This view has 
long been propagated by adherents to the scientific method. However even a superficial 
examination reveals that rarely does science progress by an all-powerful process. In fact 
more often than not it stumbles along with the element of genius, luck, diligence and more 
than a fair share of mistakes. 
Many writers claim that the different sciences have evolved their own characteristic mode of 
enquiry. For example, this view is made explicit in Jacobson's writing when he wrote "... 
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since there are different modes of enquiry in different sciences, students should have 
experiences with as many as these different modes of enquiry as possible." (Jacobson, 
1971). Schwab, (1964) had earlier made a detailed study of the procedures and methods 
used by the different sciences. He pointed out that the separate disciplines have different 
goals, in terms of their search for knowledge, and these in turn dictate different mode of 
enquiry. There has therefore been an old and prolonged controversy regarding the methods 
of scientific enquiry. Some part of the controversy borders on the question of whether there 
is the scientific method and do all sciences use one or many similar methods (Poincare, 
1958; Toulmin, 1967; Popper, 1969; Tawney, 1974). 
However the point should be made that the nature of the various sciences do not 
remain static but change. It is therefore likely (presumably) that these sciences will evolve 
and their methodologies will become more characteristic of the sciences. 
Many writers have also expressed their views supporting the fact that although their 
is no single scientific method of investigation, there is a commonality in methods that exist 
in the sciences which invariably gives science its distinctive niche. For example, in a lecture 
delivered on "Teaching" at the university of Cambridge as far back as 1880, and reported in 
Booth,(1978), Sir Joshua Fitch said that after all, the main reasons for teaching some 
branches of science is to be found in considering the sort of processes by which the truth of 
such sciences are investigated and the faculties of mind which are exercised in the course of 
physical investigations. He believed that a student studying any branch of natural history or 
science must learn to observe carefully to use his eyes and to know the differences between 
facts which are abnormal and facts which are typical. Then the student should come into 
contact with realities, must handle objects, must experiment, question matter closely, wait 
she 	 she 
and watch, invent new forms of tests until hej is quite sure that he/ has hold of the true 
,htr 
answer. His/theory or final generalisation, therefore, when it comes must have been 
actually suggested by the facts. 
Rutherford and Gardner (1971) in supporting the above ideas stated that those 
scientists and educators who must strongly advocate integrated science teaching often share 
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the view and believe, furthermore, that those processes are essentially the same in all of the 
natural sciences. They said: 
"There is general agreement in the scientific community sometime 
indicated by scientific method, on such matters as the appropriate 
language for stating scientific problems, how one collects data and 
analyses it, the correct application of logic, the use of theories and 
models, and the need for verification and for critical appraisal by 
colleagues. Many educators feel that these and other methodological 
attributes of modern science are of greater significance than the 
particular body of facts, laws and theories that comprise the findings of 
the separate sciences at a particular time." 
Perhaps one of the most unambiguous and very powerful support for the rationale 
of teaching integrated science from the stand point of the nature of science processes in 
modern days has been that of Showalter who said that when we talk of variables we have 
entered the process dimension of science which involve the generalisation of new 
knowledge. He contended that, taken as a set, the processes of science distinguish science 
from other ways of knowing. Some of the processes in addition to controlling variables, as 
listed by him, are inferring, observing, questioning, measuring, hypothesising, interpreting 
data etc. He also argued that these processes are common but exclusive to all science and 
this forms one argument for the nature of science. 
Showalter reiterated that the universality of the processes of science is further 
emphasised when we realised that any one of the processes could be 'done' by any person 
at his or her own level of sophistication. Thus any one can generate new knowledge for 
himself in science and it seemed logical for people to be educated to use these processes on 
an everyday basis. 
It would appear that in the classroom situation at the junior secondary school level 
the above arguments are quite valid and this underlined the Scottish Integrated Science 
course which aims to 'expose pupils to the work of the scientist, the apparatus at his 
disposal, experimental methods he uses, the different processes of thought by which he 
arrives at his conclusions.' The AAAS also has its project centred upon the idea that what is 
taught to children 'should resemble what scientists do - the process that they carry out in 
their scientific activities.' Indeed the Nigerian Integrated Science Project also has as one of 
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its cardinal aims the teaching of 'what science is' and 'how the scientist work' to the 
pupils. 
In terms of the conceptual approach Jacobson, (1971); Eggleston, (1974) and 
Showalter, (1979) are of the opinion that the study of science under 'major ideas' is very 
fundamental to the development of the conceptual structures of science. This has led to the 
observation that there seemed to be a common set of concepts which serve as the bricks 
from which knowledge is built. Indeed some of the integrated science projects like the 
Schools Council Integrated Science Project and the Australian Science Education Project 
which are based on the conceptual schemes are said to have had a greater measure of 
success than any others (Brown, 1977). 
3.3.3 Psychological and Pedagogical Arguments. 
A group of arguments in support of integrated science concern themselves with the 
student, and the psychological and pedagogical factors that influence the learning situation. 
Claims have been made that integrated science provides an opportunity to present materials 
which are student-centred and hence more motivating (Whitfield, 1971). Thus a process 
approach as favoured by the Schools Council Integrated Science Project and SAPA might 
be expected to be more interesting and hence more motivating than the traditional approach. 
However there appears a lack of supporting evidence for this view in the research literature. 
Transfer of training, the transfer of concepts and principles used in one discipline to 
another, has been one of the most contested educational principles. If Bruner (1966) 
believes transfer can occur substantially, then concepts and methods used in one science 
area can be used in another. Blum suggests that an integrated science curriculum can 
provide the opportunity for this to occur, particularly when considering the similarities 
between the various disciplines. 
Arguments based on the stages of the intellectual development that children pass 
through are often used in support of integrated science. Thus Blum argues that science 
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education at the elementary level should be integrated "the term undifferentiated would be 
more appropriate", since it is more in keeping with the appropriate Piaget developmental 
level. Clearly a corollary of this argument is that children should be introduced to basic 
disciplines such as physics, chemistry, biology, etc. only when they can appreciate the 
theoretical structures of the disciplines. Plausible though this psychological argument 
appears to be, it is however doubtful that many students in these areas ever perceive these 
structures of these disciplines and on the other hand, an introductory chemistry or physics 
course can proceed from concrete to abstract just as well as an integrated science approach. 
3.3.4 Science and Society 
Another group of arguments widely used in support of integrated science is based 
on satisfying the needs of society at large and individuals in particular. Although many of 
these arguments are rational and cogent, many others far too often deteriorate into 
polemics. Before the validity of this argument can be assessed, a judgement as to the 
degree of accountability of the educational process to the society must be made. This degree 
varies at different stages of the educational process. Universities have traditionally guarded 
their autonomy and accountability. However schools represent a primary agent of 
socialization and as such can be expected to be responsive, at least to some extent, to the 
needs of the society. As far back as 1910, Albert Einstein, a great scientist, did state that 
the concern for man himself and his fate must always form the chief interest of all technical 
endeavours. And he therefore advised that scientists must never forget this in the midst of 
their diagrams and equations. Whitfield, (1971), however warns of the danger of basing 
curricula on the needs of the society as seen by various people, but in fact curriculum 
choice is in the final analysis a human process, and most materials reflect some kind of 
value judgement, either by individuals or group. The major need of society as seen by 
many writers is for a scientifically aware population, capable of insight into the many 
issues and problems facing the society. Since these issues and problems transcend the 
traditional demarcations of the school curriculum, then science courses designed to serve 
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the needs should be, according to this argument, interdisciplinary. Thus the quest for the 
utility of science for man's benefit leads to the integration of science which finally 
crystallising in interdisciplinary integration of science. 
It is to achieve adequately all the needs of the society through science education that 
the integrated science curriculum seems appropriate and is being vigorously advocated in 
schools. The present trend in integrated science around the world however, seemed to be 
going beyond mere integration of science disciplines to accomplish the task of general 
education. What is being suggested (Lewis, 1978) is that there should be the aims of 
science in society component of science course which among other things will include:- 
(a) the understanding of the nature and limitation of scientific knowledge; 
(b) appreciating that the use of scientific knowledge can be both beneficial and 
detrimental to society and the environment; 
(c) appreciating that the earth's resources are finite; and 
(d) understanding the need for, and to develop the ability to make reasoned 
decisions which take account of all relevant constraints, to recognise that moral and 
political considerations are involved in decision making. 
The review of the meaning of integrated science has revealed a variety of interpretations, 
which seems to suggest that it would be misleading to treat integrated science as a linear 
concept. All the same the variety of opinions about integrated science among the science 
education specialists suggested a shift from the aim of teaching science to produce only 
scientists to also one of promoting scientific literacy among a whole population. What must 
remain a matter of concern is how to arrive at such a curriculum for the integrated science 
education. The next chapter attempts to discuss the model for an integrated science 
curriculum. 
70 
CHAPTER 4 
INTEGRATED SCIENCE CURRICULUM MODEL 
In the previous chapter the meaning and rationale for integrated science education 
were reviewed. The picture that emerged was that integrated science has the aim of bringing 
school science education closer to science as it actually is, emphasising on the philosophy 
and sociology of science. The model for such a science education curriculum is the subject 
of this chapter. 
During the past two decades emphasis in science education in both the developed 
and the developing nations has shifted from one of producing only an elite minority of 
scientist, technicians, engineers for industrial growth to one of promoting scientific literacy 
and critical thinking ability amongst the whole population. To keep pace with this new 
dimension in science education, educationalists and curriculum developers in many nations 
have stepped up projects to produce science curricula which fall outside of the traditional 
classification of scientific disciplines in order to help fulfil the expected additional role and 
cope with the new challenges. The period from the late 1960s to the '80s have witnessed an 
enormous variety of new science programmes- all of which may be titled 'Integrated 
science' programmes. Haggis and Adey (1979, 1986) observed in their review of 
integrated science education world-wide, that integrated science education is a rapidly 
developing and expanding educational field. They described a proliferation of integrated 
science education with data collected on 130 courses. The forces that have resulted in the 
production of these curricula are numerous and varied, ranging from the philosophical 
writing of educationalists to pragmatic realities of the classroom situation. 
Even with this popularity which integrated science has been gaining around the 
world, various authors (UNESCO 1971, 1973, 1975 and 1977; Brown 1977, and Kirby 
1980) acknowledged the difficulty of reaching a consensus on the definition of and 
rationale for integrated science. Black(1986) also admitted that even though the need to 
design a new science curriculum in place of the three separate sciences for all pull at 
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secondary level up to age 16 is self-evident, there is however, clearly no consensus on this 
matter, and at the same time, the principlpn which a new integrated treatment might be 
based are nowhere clearly stated, let alone agreed. 
Attempts to provide rationales for integrated science have resulted similarly with as 
many rationales advanced in support of integrated science curricula as there are the attempts 
to define it. 
This chapter attempts to establish from the literature a theoretical model for 
integrated science curriculum. This will, together with some relevant issues established in 
chapter 3, form a theoretical framework necessary for analysing the Nigerian core 
curriculum for integrated science for the junior secondary school. It must be made clear 
here that the exercise intended in this chapter is not that of attempting to establish a 
'standard' model for integrated science curriculum and use it to 'judge' the Nigerian 
curriculum for integrated science. Rather the aim of the chapter is to examine if there exis0a 
general consensus 	 on the model for integrated science curriculum. It is an attempt to 
explore the generally agreed principles for developing an integrated science curriculum and 
to see how far does the Nigerian core-curriculum go with or differ from the model. 
4.1 INTEGRATED SCIENCE: A curriculum device or a discipline?. 
It is not an unusual experience to find an emerging new field of study entangled in a 
myriad of unanswered questions. These questions not only arise internally from the 
practitioners of the new course but also from outsiders. Such questions, in most cases, are 
seeking to clarify the identity of the newcomer. 
Integrated science is one such newcomer in the academic field, hence, as is the 
norm, several issues need clarification by its practitioners, not only to themselves, but also 
to other members of the academic community and the outside world. Prominent among 
these areas needing clarification are the meaning and status of integrated science. There 
is no intention to dwell on the definition and range of meanings held about the concept of 
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'integrated science' as this has already been exhaustively discussed in chapter 3 of this 
work. 
From the definitions and range of meanings given to integrated science, it is 
apparent that it is a term used to describe a type of curriculum that has been developed by 
drawing its subject-matter from various science disciplines and in some cases, social 
sciences and other non-science subjects are also drawn upon. Technically the term 
'integrated science' should be seen as a 'Curriculum device' rather than as a 'Discipline' in 
the academic sense. 
As to what subject that meets the hallmarks of a 'discipline', Yager, (1984) has this 
to say "...the term 'discipline' is reserved for scholarly pursuits where there is a research 
base." Clearly integrated science does not meet this criterion as a science, only as in science 
education. 
In his own opinion about 'the nature of disciplines', Westmeyer, (1983) said that a 
discipline can be defined in terms of the following four points: 
1. - its being a field of study or a subject of teaching; 
2. - its practitioners feeling a need to communicate with each other; 
3. - the formation of a formal or informal organisation-a society; and 
4. - the sharing of ideas and information among its practitioners through some sort 
of publication. 
In a more radical approach to the issue of defining a discipline, Westmeyer concluded 
saying: 
a discipline is a discipline precisely because its practitioners say 
that it is a discipline, and it requires no further justification. It does not 
have to be 'legitimised' for outsiders and its content does not have to be 
uniform among all its practitioners". 
Watson, F.G.(1983) on the other hand sees the self-conscious effort to define what 
is and what is not a discipline as "a fruitless search for the Holy Grail"; adding that the 
society would accept any professionals who apply their disciplined skills to a variety of 
social decisions/problems. Watson might be right to some extent but perhaps the point 
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raised in respect of the society's role in the definition of a discipline could be regarded as an 
over-projection of the society in the issue of deciding or defining what should be and what 
should not be a discipline. The questions that arise immediately from this position is, 
should the professionals of any field mortgage their right to judge or decide on the 
legitimacy of their field as a discipline to the society which is only but a consumer of their 
endeavour? What then happens when the society fails to recognise and ascribe the term 
'discipline' to the field whose professionals see it so? It might be appropriate for the society 
to play the witness role in issues as this, rather than being a major participant in deciding 
what should be a discipline. 
However, whether integrated science is a curriculum device or a discipline, the 
crisis in integrated science lies not in the pressure to establish the legitimacy of its being 
also a discipline but I think much of its problem lies more in the description of its domain 
and perhaps a clear statement of its unique centre of concern. Since integrated science has 
been a growing field and is still a centre of educational activity, we hope that one day its 
practitioners will clear the vagueness and uncertainties embodied therein. 
4.2 INTEGRATED SCIENCE CURRICULUM MODEL: Relevance, Scope and 
Intensity 
The spontaneous work on development and improvement of programmes in 
integrated science teaching all over the world are not without some difficulties. 
Fundamental to these difficulties is the quest to find answers to strategic and important 
questions such as, "If we should integrate, what shall we integrate and how shall we do 
it?" These questions if properly answered should provide a universally appropriate 
philosophy and/or model for integration. Such a model should be capable of prescribing the 
scope and the intensity for integration as well as the principles for the integration. 
Arising from the above question is the issue of making a decision on how far to go 
in the integration process: 
- how many disciplines are involved: Scope. 
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- how intimately are the disciplines inter-connected: Intensity 
- the vehicle for integration: Principles e.g. process, social issues, concepts. 
4.2.1 Relevance 
It is worth noting that within these past few years there has been a growing 
realisation that where science programmes are being developed they have, in most cases, 
been done through the process of adoption and adaptation. Of existing programmes it is 
essential that where curriculum development proceeds by adaptation, it should involve 
much more than the mere localisation of names, place and content; rather "the entire 
programme, including AIMS, GOALS and OBJECTIVES must be developed to suit the 
needs and wishes of the society for which it is intended"(Brophy and Pillay 1986). 
Experience has shown that many of the programmes which were introduced into 
developing countries, however were adaptations of courses originally produced for 
developed countries such as the United States of America and the United Kingdom. The 
original producers of these materials devised them for their own cultures. They not only 
made implicit assumptions about such things as the children's cultural experiences, 
conceptual range, learning styles and educational aspirations but devised the materials to 
achieve the aims , goals and objectives that were thought desirable for their own particular 
society. The problem is accentuated if the science curriculum has been borrowed from a 
wealthier country without due regard to the strain that its equipment demands may throw on 
the country's economy. D'Ambrosio (1979) could have probably had this picture of 
diverse needs of societies in designing his model for the components of an integrated 
science programme(Fig. 4.1). 
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Figure 4.1: Components of an Integrated Science Programme (D'Amblosio, 1979) 
The above model suggests that, to formulate aims and objectives of an integrated 
science programme, consideration is even to the nature of the learning and the learner, the 
impetus for the project (i.e. what needs does the programme aims to satisfy or fulfil ?), and 
of course the local considerations. Once the objectives / goals / aims have been formulated, 
the selection and organisation of contents according to D'Ambrosio should then be an 
outgrowth of the project's aims, the nature of the students (their ages and experiences 
level),the local situation and the scope of science. 
In the light of the uniquely diverse needs of societies, it is suggestive that the 
content of a course must , as a matter of relevance, be different for each country to be 
decided by its Government agencies, working together with teachers, scientists, and others 
involved and affected by the educational process. By implication therefore, it would appear 
that there can be no single model on which any integrated science curriculum can be 
modelled to suit every society. Hence it would be appropriate to conclude hem that there 
can be no over-arching(all embracing) model for the integrated science curriculum the 
world over, although the various independent curricula can, to a large extent, share certain 
essentially common characteristics. 
C 	 
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4.2.2 Scope and Intensity 
According to Hacker and Rowe (1985), of the various meanings which have been 
ascribed to integrated science and various definitions which have been proposed, perhaps 
Blums' (1973) matrix provides the most useful operational classification system. Using the 
matrix, the extent to which a particular programme is integrated can be shown, hence it will 
be useful in describing and comparing integrated science programmes. The matrix however 
does not show what content should be integrated and how this can be done. This matrix 
has two dimensions or axes which represent SCOPE and INTENSITY. Blum defined these 
dimensions as follows: 
SCOPE:- this refers to the range of disciplines and fields of study from which contents 
have been used in an integrated science curriculum. In other words, the scope of integration 
is the number of disciplines, scientific or other-wise, whose.contents have been combined 
to form the integrated science curriculum. According to Blum, the scope of integration 
gives us an indication of whether the integration was made between similar disciplines or 
between traditionally removed ones. On the basis of widening scopes of integration, Blum 
outlined the following differentiations: 
1. Within one of the natural sciences e.g. botany and zoology integrated in biology; 
arithmetics with algebra and analytical geometry in mathematics. 
2. Between two close natural sciences e.g. chemistry and physics as physical 
sciences or chemistry and biology or any two of the disciplines commonly taught as 
separate subjects from the senior secondary level upwards. The course 'Structure of 
matter' from the university of Palermo, Italy is an example of this type of course, 
coordinating chemistry and physics as physical sciences. 
3. Between the natural sciences ( with or without mathematics) The Scottish and 
Nigerian integrated science curricula are good examples. 
4. Between basic and applied sciences and technology. 
5. Between natural sciences and social sciences. 
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The Schools Council Integrated Science Project in the United Kingdom, many of 
the curricula from the United States such as the Unified Science and Mathematics 
for Elementary schools, and the 'Environmental education in the primary schools' 
from Norway are all examples of categories 4&5. 
6. Between sciences and humanities e.g. the former Primary Pilot Project from 
Singapore in which science activities were used essentially as stimuli to the 
development of language skills. 
INTENSITY:- this refers to the degree to which the subject matter has been truly 
integrated. In other words, the intensity of integration is a measure of the extent to which 
the separate disciplines are blended, it describes how much of the contents of each 
discipline have been integrated in the science curriculum. Blum describes three levels of 
intensity of integration namely: coordination, combination and amalgamation. 
COORDINATION: A coordinated science curriculum is one where the separate 
units of the blended disciplines (e.g. physics, chemistry ,and biology ) can still be 
identified, but they have been linked together to give a continuous curriculum with 
its own structure. This notion of integration involves the creation of connections 
between the various science subjects. In this case, integration would not simply 
deal with organisation questions but logical questions about the relation of one 
subject-matter to another. In fact, behind this notion of integration is the belief that 
there is logically distinct subject matter and that these distinction need to be 
respected in teaching integrated science. This issue of coordinated science 
curriculum, according to Blum, would usually apply to independent programmes 
taught simultaneously, which are influenced to varying degrees by a common 
agency e.g. an educational authority or planning committee. Examples include the 
Junior High school science courses in Israel, and the Terfectionatniento en 
Servicio, Ciencias Naturales'(PPS-CN) from Chile. 
COMBINATION: A combined science programme would involve developing 
chapters or other major units organised round headings taken from the different 
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disciplines. Examples include the 'Basic Science' from Fiji and the Nuffield 
Combined Science in the United Kingdom. 
AMALGAMATION: In this programme, an inter-disciplinary topic(theme) or 
issue(problem) from the environment would be taken as its integrating or unifying 
principle at the chapter level. It is a curriculum that has been developed from the 
`other end', as it were: ideas which may be associated with separate sciences are 
called upon as they are needed to cope with problems as they arise from the 
environment of the learner. Examples include the integrated science curriculum of 
the Tokyo Institute of Education and the SCISP of the United Kingdom. 
In summary, the scope of integration really defines the subject matter range while intensity 
is dependent on the organisation of the curriculum. 
Blum also introduced another dimension for integration besides the dimensions of 
scope and intensity. By drawing attention to the involvement of the environment as another 
dimension for integrated science, Blum intends that it should be able to give information 
on how far an integrated science programme is involved in a range of problems posed by 
the environment of the learner - does it lead to the personal profit of the learner as in the 
form of projects e.g. as used in vocational agriculture in the United States? Does it involve 
the development of the village and educate towards national self-reliance, e.g. in the 
Tanzanian and Nigerian projects or does it look at problems affecting the biosphere and 
Man's place within it? Integrated science teaching, according to Blum , is not complete 
without environmental involvement. Certainly, this is not an over-statement by Blum 
especially when one considers the fact that most definitions of integrated science collated by 
D'Arbon (1972) contained the educational aim of " helping the student to gain an 
understanding of the role and function of science in his everyday life and the world in 
which he lives". It becomes necessary and important, therefore, that in describing a science 
curriculum, its position as to environmental involvement should be clearly pointed out. 
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4.3 PRINCIPLES AND APPROACHES FOR INTEGRATION 
Since an integrated science programme could theoretically include all of science and 
its related disciplines, curriculum developers must find a design to facilitate the selection 
and integration of contents. To this end. D'Ambrosio(1979), Holbrook and Rosier (1990) 
proposed two general approaches: 
1. The melding of scientific knowledge based on the underlying concepts and 
processes of science; 
2. The use of integrating themes from life experiences (phenomena and persistent 
problems -environmental considerations), that require an understanding of many 
areas of science. The diagram below(Fig. 4.2) illustrates this view. 
        
        
        
   
PERSISTENT 
PROBLEMS 
 
        
        
   
NATURAL AND 
MAN-MADE PHENOMENA. 
        
        
        
         
Figure 4.2 : Integrating Strands For Integrated Science Curriculum. 
(ICASE & D'Ambrosio, 1979) 
-1 and 2 are organising themes related closely to disciplines. 
-3 and 4 are organising themes related to the learners and their environment. 
Many principles are used to integrate a science curriculum as is evident from the 
above integrating strands. Some of them are inter-disciplinary topics(concepts) and draw 
their integrated content from different science subjects. The posing of an environmental 
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problem like pollution, hunger, and population problems can be another useful integrating 
principle. 
Integration is not necessarily built on content; other principles of integration are, for 
example, a common method such as inquiry training, problem-solving, processes in 
science, etc. These possible integrating principles come from different dimensions of 
science or education. Two or more of them can be used concurrently. 
All modem science teaching courses, integrated or not, tend to be laboratory and 
inquiry based involving a good deal of individual activity, exploration and the building of 
understanding through practical experience, together with a consideration of second-hand 
experience and discussion of social implications. Even within the inquiry approach, the 
focus of attention differs from course to course. There are a large number of approaches on 
which integrated science teaching curriculum are being developed (Hall, 1973, Orevbu, 
1990). These are as follows: 
4.3.1. Process Approach: 
This approach claims a direct descent from the ideas embodied in the United States primary 
science course, Science -A Process Approach(SAPA) (AAAS, 1965) which was based on 
the view of 'Science as Process' outlined by Gagne(1965). Process are ways "of 
processing information". For instance, the Warwick Process Science Programme, in 
describing what is meant by 'process', states that 'one is looking at the sequence of events 
which are engaged when researchers take part in scientific investigation 
	 observing, 
inferring, classifying, predicting, controlling variables and hypothesising(Screen in Millar 
& Driver, 1987). 
In Gagne's view of 'science as process', he argued that prerequisite scientific 
concepts and principles are obtained only through the operation of science processes, such 
as observing, classifying, describing, communicating, drawing conclusions making 
operational definitions, formulating hypotheses, controlling variables, interpreting data and 
experimenting. He argued that these processes are skills used by all scientists, they are 
applicable to investigation in all sciences, they can be learnt by students and be transferred 
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across content domains. The Scottish Integrated science course contains a similar list of 
processes under the heading 'Ways of thinking'(SED, 1969 in Millar & Driver, 1987). 
4.3.2. Concept Approach: 
In this approach, all course work is directed towards the major concepts of science. The 
concepts are not studied in their entirety at once. Each one is spread out over the length of 
the course, leading to coordination of the flow of development of an idea with age of the 
student. 
4.3.3. Thematic Approach: 
The Nuffield Secondary Science Project in the United Kingdom falls into this category. 
Here, themes are sub-divided into fields, each theme is loosely structured, as is the overall 
scheme, for example, the theme "The world around us" is divided into eight (8) fields. 
However, the structure of a particular theme is disregarded in the presentation of the 
subject, for teachers are encouraged to select fields from themes in order to build their own 
courses. A major draw back to the course is that the teacher does not only find difficulty in 
selecting but also in developing a set criteria (aims) by which selection for a given purpose 
may be achieved. The strength of the scheme (i.e. flexibility to allow for individual 
requirements) could also be the major weakness, for although overall balance and structure 
are possible, great care needs to be exercised when selecting a route through the materials 
in order to avoid a somewhat disjointed or unbalanced course. 
4.3.4. Topic Approach: 
The Nuffield Combined Science for ages 11-13 in England uses this approach, based on 
certain concepts; 'Focus', 'Probe' and 'Pattern'. It seems to have relied on the principles in 
the thematic and conceptual approaches. However, in the Topic Approach, any number of 
self-contained topics may be studied in any order. Although each topic may be well 
structured within itself, if there is to be flexibility in choice and order of presentation, then 
there can be no overall structure to the course. One disadvantage of such a scheme is that 
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the way a topic is taught to a 11 year old will be the same way it is taught to a 13 year old. 
The whole picture for any concept must be presented, immediately, instead of developing it 
as the course progresses. Except the teacher manipulates the course to meet the needs of the 
pupils. 
4.3.5. Environmental Approach: 
This is the model employed by the Nuffield Junior Science Project in the United Kingdom, 
the Mauritius Integrated Science Project, the Australian Science Education Project and the 
African Primary Science Programme(APSE). It is particularly applicable and useful to 
junior schools but because of its almost completely unstructured nature, may be of little use 
outside the country of origin. However, even at the secondary stage, every encouragement 
should be given to schools to use their own environment. 
4.3.6. Project Approach: 
Teachers following the recommendation of the Nigerian core curriculum for the junior 
secondary school integrated science make use of project in their work. Few teachers in 
secondary schools would advocate the exclusive use of projects in the classroom, but they 
can be used to great effect at intervals, perhaps, once or twice a year. 
4.3.7. Applied Science Approach: 
The starting points are the country's important industries. Although this makes teaching 
quite relevant to the child as well as giving him first hand experience, one major 
disadvantage of the approach is that large areas of science would probably not be covered, 
although one form of integration could be achieved through the study of particular 
industries. 
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4.3.8. Patterns Approach: 
This approach forms the basis for School Council Integrated Science Project(SCISP)- a 
curriculum project for integrated science developed in England in the 1970s. It was used 
for the G.C.E. 0/level population of 13-16 years old age range, but is now modified and 
forms the basis of a double certificate 'Science' course for the GCSE. The project 
model(SCISP), was devised only after a careful analysis of the seven major 
ways(discussed above) in which existing science courses were being taught(Hall, 1973). 
The model may be regarded as a combination of concepts and process models and 
represents a search for patterns in sciences and the use of these patterns in solving 
problems. A Pattern by definition means a generalisation and is exclusive to the SCISP 
model (see section 4.4 below) 
The SCISP was developed on the basis of a learning model proposed by Robert M. 
Gagne(1970) in which it is suggested that the process by which we all learn is a 
hierarchical one which begins by the storing of bits of information in the brain memory 
locations. Consciously or unconsciously, these bits are collected into peculiar groups 
possessing common characteristics called concepts. Once labelled, these concepts are 
joined into a complex array which SCISP called Patterns, which may be constantly 
modified and extended in the light of new experiences. It is the search for these patterns 
and their subsequent use in the solution of problems which form the rationale behind the 
SCISP course. The problem-solving aspect represents the most sophisticated stage of 
learning process and is placed at the top of Gagne's learning hierarchy. 
In fact the emphasis is more on the Process involved in science rather than the 
factual content characteristics of traditional science courses. The selection of the input 
materials which initiates the building of the hierarchical structure is left largely to the 
teacher's discretion. 
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4.4 THE SCHOOL COUNCIL INTEGRATED SCIENCE PROJECT 
(SCISP) MODEL 
Learning experiences take the form of practical and theoretical investigations, practical and 
theoretical problems, the reading of background books, class discussion and teacher 
demonstration. The pupils thinking is developed by considering three fundamental 
concepts:- 
1. Building blocks. 
2. Energy. 
3. Interactions. 
The subject matter of the whole scheme is based on these three useful and fundamental 
concepts of science around which pupils are expected to organise their thinking. 
The most important integrating theme of integrated science is to show that the basic 
activities of science are common to all branches of the subject. Although these activities 
include observing, classifying, measuring, predicting, etc. the ultimate(knowledge) 
activities in the patterns approach are:- 
1. the search for patterns, where patterns mean a generalisation. 
2. the use of these patterns in problem-solving(whether of laboratory, or a 
theoretical or an everyday type). 
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( SEARCHING FOR AND USING PATTERNS TO SOLVE PROBLEMS. 
(BUILDING BLOCKS ENERGY 
(INTERACTIONS ) 
Figure 4.3 : SCISP Project Model. 
[content is based on these three fundamental concepts; the most important integrating 
theme(on a different dimension) is the search for and use of patterns]. 
4.4.1 The SCISP Learning Model 
Levels of learning: 
Four levels of learning were defined in SCISP: the word 'knowledge' being the 
general term applied to all four of the levels which are labelled Recall, Concept 
Learning, Patterns Learning and Problem-Solving. 
Recall: The simplest definition of recall is the 'calling back of that which has been 
committed to memory'. A great deal of information is committed to memory and so the 
process of discrimination is important in recall. 
Concept Learning: When things which have a common property(or properties) are 
grouped together we have a concept. Recall must play a large part in concept learning. 
Concepts can be usually be defined formally, but it is possible to understand a concept 
`intuitively' and yet not know the formal definition. Also it is possible to know the formal 
definition and yet not understand the concept(this is a case of rote learning). 
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Patterns Learning: Formal definitions of concepts are very often in form of patterns. 
Some might suggest this is how concept should be taught; others believe that the 'feel' for 
the concept should come first. 
A Pattern is a relationship between concepts and expresses a generalisation. 
In Pattern finding, data are examined by pupils, the understanding of which 
relies on previously learned concepts and pupils are asked to extract a pattern from 
information. 
Problem Solving: In order to solve a problem, a student must recall from a large number 
of patterns, and use a particular pattern(or patterns) to solve the problem (At this stage 
SCISP deviates slightly from Gagne's model: he states that at least two or more principles 
are required to solve a problem),In other words, in problem solving a pattern must be 
recalled and is then applied to unfamiliar situations. 
A Summary of how the four types of learning are connected is shown below. This 
is the SCISP Learning model and shows how the process dimension of the project model is 
achieved(FIG. 7). 
Figure 4.4 : SCISP Learning Model (Gagne; 1965) 
PROBLEM 
SOLVING 
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It can be seen from the diagram that problem-solving requires as a prerequisite a 
pattern or patterns; patterns require as prerequisites concepts and concepts learning relies 
heavily on recall of past experiences. 
One reason why the decision to produce a 'patterns approach' to science teaching with 
emphasis on concept learning was important was in order not to make mistakes similar to 
those which were made by General Science(Hall W.C., 1973). He listed the following 
reasons as having been responsible for the failure of General Science in schools in the 
1940/50s in the United Kingdom:- 
1. General Science was partitioned into three areas(physics, biology, chemistry) 
which had been traditionally taught. 
2. The school certificate examinations reflected these divisions. 
3. The schemes were entirely content based. 
4. It was usually examined as a single subject and was given a correspondingly 
small allocation on the school time table. 
5. Not enough help was given to teachers to assist them to teach outside their own 
disciplines. 
These reasons also hold very strongly for the Nigerian situation in the case of both the 
General Science of the 1960s and the integrated science now. The case, to a large extent, is 
similarly true of most developing nations that are running the general/ integrated Science 
courses in their school curriculum. 
The SCISP learning model is process-based; the process ignores subject boundaries; the 
assessment procedures are based on the learning model and not on particular content areas. 
These factors ensure that the reasons 1-3 mentioned above cannot be labelled against this 
integrated science course. 
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4.5 CONCLUSION 
This search for an ideal model for integrated science curriculum leads to the following 
conclusions :- 
1. There is no prescriptive over-arching model for integrated science curriculum nor is there 
a possible emerging picture of one in the very near future. It is most likely that a generally 
relevant integrated science curriculum model for a wide application will continue to be a 
dream as long as there is no consensus on the general concept of Integrated Science. In 
addition the impetus for such projects must arise from the primary needs of the nation and 
to respond to needs and circumstances of pupils. 
2. A useful, relevant model for an Integrated Science curriculum can only emerge from 
within a national boundary that has the need to operate an integrated science education. 
3. How well an integrated science curriculum has been 'integrated' (blended or interwoven) 
can only be defined in the context of its concept and objective(s) unique to itself. 
4. Inspite of the diversity in models and approaches to the integrated science curriculum, 
they show a very high level of commonality in purpose and goal. The variety of approaches 
to integrated science education suggest that, at worst the description is a label for any 
course of science instruction which attempts to embrace a number of issues which includes: 
i. many science and science-related disciplines; 
ii. the processes of sciences; 
iii. an attempt to show the common ground of many scientific activities - some 
fundamental unifying principles of science; 
iv. key scientific concepts as important explanatory models of sciences; 
v. environmental issues; 
vi. materials which addresses the use and impact of science on society. 
5. There is a need to question the use of the term 'integrated', in the phrase 'integrated 
science'. Does it add anything to the simple word 'science'? Adopting such a course of 
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action leaves open the question of organisation and allows curriculum developers the same 
freedom to develop structures and content in the light of national needs. Nevertheless, label 
or not, a course will be structured on some philosophy related to education and science 
even if it is implicit, rather than explicit. Such a strategy avoids arguments, however, about 
the philosophy of integrated science. 
6. The integrated science curricula examined in this review have shown to have achieved 
their integration (blending and organisation) through various approaches: Concept, Topic, 
Process and so on, as illustrated in Fig4•5 below. An extra level of organisation is provided 
for some curricula by Psychological Considerations. For example, the 'Science 5-13' 
in the UK., the Australian Science Education Project, follow a Piagetian model of 
development in matching concepts to the developmental levels of the pupils, while the 
SCISP in the UK. uses learning hierarchies based on the learning theories of Gagne. 
In producing this pattern of integration models (Figure 4.5 below), it is not claimed 
that all the existing integrated science curricula have been examined, rather the design of 
this model drew heavily on reports on integrated science education world-wide 
UNESCO(1990) and Haggis & Adey,(1978, 1979, 1990). It is at least with confidence to 
say that the pattern is a representative model of the patterns for many integrated science 
curriculum development and integration world-wide. 
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Figure 4.5: Development and Integration Pattern for Integrated Science 
Curriculum. 
7. It is my impression that in all the curriculum studied the application of the 
integrating/organising principles are interwoven with one another and it becomes difficult to 
identify or associate any one curriculum with only one type of the integrating principles; 
indeed it would be a narrow curriculum that relied on just one model. Hence an integrated 
science curriculum may be seen to have used one or more integrating principles in its 
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design. In any case what lie at the core of my beliefs about an appropriate science 
curriculum (however classified), are the aims identified by Layton, summarised in Reay 
(1993) as follows: 
(i). Science as a body of knowledge: This is seen as including, not only the facts 
and concepts, but also the humanistic aspect - a need to convey the body of 
knowledge, tentative still, as marvellous achievement of mankind. 
(ii). Science as a way of working: Process skills are clearly involved here, but they 
are only part of the scenario. Depending on their levels of maturity, children also 
need to develop appropriate attitudes in science, for example, curiosity and respect 
for evidence. Inquiry and problem-solving opportunities are required, as well as 
deliberate teaching which makes children aware of their progress towards acquiring 
scientific skills and attitudes. Perhaps science teachers would find it easier to reflect 
science in the classroom if they were conscious that scientific approaches to 
exploring the world are themselves a creation of humanity, begun only some 400 
years ago. 
(iii). Science in its social context: For younger children, the emphasis would be 
science in the home and in the neighbourhood. As the children mature, one would 
expect curriculum to attend to wider issues of technology and society, together with 
certain skills and attitudes for life. 
We can see at once that such a curriculum would demand the most insightful and confident 
teachers. What should be a matter of concern is to help the teachers with up to date concepts 
of the aims and nature of the science curriculum. Our next chapter discusses the training and 
competenceS a teacher of integrated science would require in performing his role. 
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CHAPTER 5 
THE EDUCATION AND TRAINING OF INTEGRATED SCIENCE 
TEACHERS. 
The goal of this chapter is to identify the characteristics thought to be desirable for 
beginning teachers of integrated science or science teachers. If a coherent set of 
characteristics can be identified, then together with models used to describe integration in 
science curricula and their application to the Nigerian science cuniculurn, it may be possible 
to examine constructively current practises in initial teacher education for integrated science 
teachers. 
5.1 INTEGRATED SCIENCE - A challenge to the science teacher. 
During the past thirty (30) years of intense science curriculum development and 
implementation, it has become increasingly apparent that there are no instructional materials 
which are 'teacher proof (Showalter, 1974). That is to say, designers and writers can 
conceive and produce some instructional materials which enable learners to achieve almost 
any goals; however, when placed in the hands of teachers, the materials all too frequently 
get used in ways and towards achieving objectives other than those which the designers 
intended. 
There is no doubt about the increasing interest in integrated science throughout the 
e 
world, as many countries now teach sciences both at elementary and lower selondary level 
through Integrated Science Programmes. Since the emergence of integrated science 
programmes, there have been the unfolding of a vast array of integrated science teaching 
projects and programmes in every corner of the globe. These programmes embody a wide 
range of different approaches to integrated science teaching, including 'process', 
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'concepts', 'environmental', 'thematic', 'projects', 'unit', 'applied science' and 'patterns'. 
There are doubtless others, and in any case, as earlier observed in my review of models for 
integrated science curriculum development, it is rare to find a programme which makes 
use of one approach only. 
A major constraint in implementing these programmes is the teaching challenge 
which they present to the science teacher. On the nature of this challenge, Haggis, (1974); 
Ogunniyi, (1983) pointed out that modem integrated science courses present their challenge 
through their teaching methods and the scope of the course. On the teaching method, they 
said that even though the new materials provide a wealth of ideas, stimuli and assistance for 
teaching, the teachers needs to learn how to handle them for positive results. Teachers are 
expected, for example, to make greater use of local materials from the environment, to 
engage in individualised instructions, require to handle 'open-ended' problems and 
situations; to utilise effectively a range of technological aids in addition to the more usual 
7. laboratory skills and more may be required of the teacher m terms of classroom skills such 
as asking questions, encouraging discussions and stimulating fruitful interactions among 
their pupils. Such teaching certainly provide great scope and flexibility which the teacher 
may need to be helped to know how to exploit it to the full. The course is usually wider in 
scope possibly including aspects of technology and social science. There may also be more 
understanding needed of the process of scientific investigation, the 'big ideas' of science -
concepts, the unifying principles which the teacher is expected to have a good 
understanding of their significance throughout the spectrum of the sciences. 
Teachers of integrated science therefore need to understand the broad concepts and 
processes of science as well as in pedagogy. Various techniques and learning theories for 
motivating and communicating with the learner are needed so that the benefits of discovery 
or open-ended learning, involvement of students in decision-making and conveying the 
social relevance of integrated science will be productive for the learner. The concept of 
integration will also need to be clarified to enhance the teachers' professional capabilities. 
The teacher also needs to have an understanding of his pupils' capabilities and their 
her 
level of cognitive development. An understanding of his pupils' strength and weaknesses 
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and their stage of cognitive development is essential if such an approach like individualised 
instruction is to be effective. 
Teachers are therefore prone to fail to achieve any real integration of this sort in 
their teaching partly due to lack of guidance in how to do this, for rarely do teachers 
training courses prepare them adequately for a unified approach to their teaching. Teachers, 
it is said, often teach as they themselves were taught; certainly for the teacher who is to 
teach integrated science, a major change in approach is required for, as far as integrated 
science is concerned, a multiplicity of approaches confronts him. He may or may not have 
some choice in the question of which to follow. What ever course he follows, it will 
certainly demand much more of him in various ways than has hitherto been required of the 
single science discipline teacher. He might not even be too sure of his role and therefore 
may feel too uncomfortable about the new roles which many integrated science 
programmes call on him to fulfil (Haggis, 1974). All of the preceding discussion leads to 
the inescapable conclusion that the teacher is the key to developing successful integrated 
science programme and therefore requires a considerable attention. 
Most projects today, in a bid to assist the teacher in his job, play down the syllabus 
and tend to work far more on teachers' guide and materials which exemplify an approach 
determined by the aims and objectives. Hall, W.C. in Richmond (1974) observed that this 
is where difficulties often arise; that it is very easy to construct a new syllabus but it is 
much more difficult to define a teaching style and even more difficult to ensure that teachers 
adopt the style in the way intended. He added: 
teacher trainers face an awesome task, so many objectives which they write 
down deal with changes of attitudes. These attitudes are often deeply 
ingrained and to ask the teacher to change a large number of them is 
optimistic (Richmond, Ed., 1974). 
Hall, however, believes that the key to changing attitudes is to provide resources and 
opportunities for teachers to become confident in their teaching. Once confidence has been 
achieved attitudinal change can follow. The teacher therefore requires a concrete positive 
help. 
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5.2 THE OBJECTIVE OF PRE-SERVICE TEACHER EDUCATION FOR 
INTEGRATED SCIENCE. 
Implicit in the preceding discussion is the observation that the major constraints to 
effective teaching of integrated science are the material resources and the quality and 
perhaps the quantity of human resources available to teach it. The question of quality is in 
part at least about the preparation of teachers for integrated science teaching. This in turn 
raises the question of what desirable competencies or characteristics are required of an 
effective teacher of integrated science. Before taking a look at this, it seems relevant 
however, to review the goals and objectives of teacher education for integrated science, for 
according to Balogun, (1983), a clear identification and specification of system's objectives 
is a useful preliminary for identifying system's requirements for achieving the objectives. 
Since integrated science and indeed science education as a whole is a sub-system of 
general education, there are, besides the more specific science education objectives, some 
core objectives which any pre-service science teacher education programme shares with the 
rest of the education programme in the training of teachers. These core objectives for 
teacher education and the specific objectives for science teacher education as well as the 
goals for education of integrated science teachers at the primary, secondary, and tertiar4vel 
was one of the major focus of the ICSU conference on the education of teachers for 
integrated science, held at Maryland, U.S.A, April, 1973. These objectives and goals as 
outlined by the conference (Richmond, 1974) and Balogun (1978,1983) are as follows: 
The common objectives for pre-service teacher education included: 
1. To relate teaching activities to the nature of the natural, artificial, and cultural 
environments of his locality, country and in general, the whole world. 
2. To relate teaching activities to the stages of physical, social, intellectual and emotional 
development of the child. 
3. To know the cultural background and values of the people and make use of these in 
teaching. 
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4. To be responsive and to evaluate suggestions and questions of others involved in the 
educative process. 
5. To pursue relevant areas of study to a greater depth. 
6. To know the place of science education within the whole of general education. 
7. To be aware of the educational technology available for teaching and be able to select the 
most appropriate for a particular course of study. 
The specific objectives for science teachers were stated as follows:- 
1. To demonstrate awareness of the place of science education in the whole of general 
education. 
2. To use a variety of teaching approaches including the ability to establish an atmosphere 
conducive to children inquiry. 
3. To be able to suggest or devise experiments which include the use of materials available 
around the classroom or out-door environment. 
4. To demonstrate awareness of the theories of learning and their application to the 
understanding and use of scientific concepts and processes based on the child's 
development. 
5. To know the child's previous and present experiences including those outside the school 
and the ability to use these in science teaching. 
6. To have some common body of knowledge in the different areas of science in order to 
understand the wider aspect of what is to be taught. 
7. To be able to design or describe a conceptual structure for integrated science. 
8. To be competent in the various processes of science. 
9. To understand the relationships between science, technology and society and to attempt 
to perceive an overall picture of the effects of solving one problem on the total 
environment. 
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The specific goals and objectives of teacher education for integrated science at the primary, 
secondary and tertiary levels were also produced as follows(Richmond, Ed. 1978; 
Balogun, 1983):- 
5.2.1 Primary Level. 
1. To learn content and ideas in integrated science. 
2. To examine the programmes and materials that are available. 
3. To learn the method of science that are particularly related to integrated science. 
4. To develop a scheme such as a web or a structure around which a teacher can develop 
his integrated science programme. 
5. To find how to broaden present discipline-oriented course so that cross-relations are 
evident. 
6. To look for the aspect of culture that can be linked with integrated science. 
7. To develop a spectrum of courses and units in integrated science so that no teacher will 
be unable to cope. 
8. To lead to a tolerance for an idea of science that is not 'as clean as possible', so that 
teachers will enlarge their idea of science and its implications. 
9. To develop a readiness to look at science in view of the needs of a country or a 
community. 
10. To frame a type of programme in integrated science to ensure that training college 
students have a satisfactory idea of science. 
5.2.2 Secondary Level. 
1. To develop scientific attitudes to enable him to use them in decision making processes. 
2. To understand the impact of science and technology on society. 
3. To understand the role of science in the history of development of humanity. 
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4. To develop the ability to draw from a variety of sources. 
5. To help the teacher realise his role as helper or facilitator of learning activities of children 
in and out side of the classroom. 
6. To give a broad background in science with a deep knowledge in certain areas, possibly 
of an integrated nature such as energy, structure of matter, earth sciences etc. 
7. To give an experience of personal involvement in research type activities. 
8. To have an understanding of the learning process as well as sensitivity to detect the 
needs and interests of children, and the flexibility to adapt and modify the programme to 
meet these needs and interests. 
9. To develop manual skills for using simple hand tools to improve science teaching aids 
from local resources if needed. 
10. To find how to broaden present discipline-oriented courses so that cross-relationships 
are evident. 
5.2.3 Tertiary Level. 
Integrated science at the tertiary level should be aimed at training teachers of science at the 
secondary school. 
Higher level integrated science can be achieved by first studying the separate science 
disciplines or by studying integrated science through out. 
The preferred training institutions would give qualification in science and in education. 
Scientific and educational international organisations should catalyse the interaction of 
specialists to study the problems of integrating content at the BSc level. 
In addition, the following general considerations at all levels were listed for teacher 
education in integrated science:- 
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1. To equip students leaving secondary schools adequately to face life if they prefer to 
discontinue their education and to form a sound background for those who pursue the 
university training. 
2. To train teachers in integrated science would prepare them not only to teach integrated 
science at the various levels, but with the appropriate curriculum, they would be able to 
even conduct research in curriculum development 
3. Since integrated science as a subject should in their view be based on the environmental 
and sociological conditions, rather than the classical aspects of science subjects, the person 
trained as a teacher of integrated science is bound to be a more useful member of the 
she 
community than hops now. 
These three levels of objectives, although, developed by three different groups during the 
Maryland conference have each raised a clear concern about the teachers' knowledge of the 
content of integrated science. The primary group however, modified this concern with the 
need for flexibility in design and approach of a programme so a teacher would feel 
sther 
confident and competent to teach some integrated science even if hi content background 
was quite limited. The tertiary group, at the other extreme, was so concerned about the 
question of content that they called for the interaction of specialists under the sponsorship 
of the international professional societies to determine what is involved in integrating 
science at the B.Sc. level. One possible approach of the question of content preparation in 
integrated science is given in item number 6 of the goals under the secondary level. This 
question of content and competence is also related to the ideas expressed in the first and the 
third goals reported under the tertiary level. I think the question really here is not just what 
content to include, but rather content for what? These points of view have been dealt with 
in chapter 4-Integrated science curriculum model'. 
Besides the concern about the teachers' knowledge of the content of integrated 
about 
science, there is also an extremely high concern -/the role of the teacheini  the classroom 
their 
and 	 ability to present integrated science in a way that goes across not only the subject 
but the spirit and approach which is science itself. In addition, there is also considerable 
emphasis on the desirability of helping the studento see the relationship of science to their 
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culture and environment and to helpihern see how IL could use science to make decisions 
fkon5eives 	 litett 
about and improve life for 	 and k associates. 
A general consideration of the goals at the secondary and tertiary levels gives one 
the impression that, essentially, science at the secondary and tertiary levels has at least two 
major goals. First, there is the pre-professional and professional training of those who will 
become producers in sciences and related fields. These individuals therefore need specific 
knowledge and competencies, many of which are directly related to and/or are a part of the 
specific study of specific scientific disciplines. The second major goal is the provision of a 
knowledge, appreciation and understanding of science and the approaches of science for 
the entire school population at the secondary and tertiary level. Since the leaders of the local 
community and the country at large, tend to come from this more highly educated group, 
the need for a knowledge of science and its possibilities and limitations, as applied to 
problems of life, is most important. 
In summary, all the three levels objectives for teacher education for integrated 
science generally has the target of building into the teacher the appropriate scientific 
knowledge, skills and attitudes that can be applied in a wide variety of real life situations. 
5.3 DESIGNING PROGRAMMES FOR THE EDUCATION OF TEACHERS 
OF INTEGRATED SCIENCE. 
In discussing the question of designing programmes for the training of teachers of 
integrated science, Foecke(1974) presented an overall framework of reference depicting the 
task of the designer of such an educational programme. In principle, he said, the 
framework is sufficiently general for it, with at most minor modifications, to be relevant to 
the design of any educational programme-of whatever duration, level, type, subject etc. His 
framework is illustrated in the following diagram: 
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Figure 5.1: Inputs to the Design Process of a Programme for the Education 
of Integrated Science Teachers. 
If a programme designer is to develop an optimum educational programme for the 
education of teachers, especially a programme that is to do the best possible job under the 
conditions that apply, a proper account of a large number of factors must be taken. Some of 
the most important of which have been shown in figure6.1above as inputs to the design 
process. 
Speaking in terms of the education of teachers with respect to the different inputs in 
the diagram, Foecke feels that perhaps the initial starting point is to consider the 
objectives of the programme. In other words the designer must know what things the 
101 
future teacher is expected to learn. An approach to this level of objectives, if to be done 
properly, requires the understanding of the various possible roles of the teacher which 
varies with the level, country, situation etc. Some of the teacher's roles are suggested by 
the terms like, 'objective specifier', 'learning facilitator', 'programme designer', 
`achievement evaluator', 'materials designer' etc. (Foecke, op cit.); each of these roles 
requires, for its proper execution, different understanding and skills. Self-evident as it may 
sound, a programme designer for the education of teachers must therefore carefully analyse 
what various roles the teachers are in fact going to play in order to design optimum 
programmes to prepare them for the tasks. In addition to these skills and attitude objectives, 
in designing a programme for the education of teachers of integrated science, it would be 
exceedingly important that it be clearly specified what these future teachers are themselves 
to learn in the area of science and technology. What concepts, principles, skills, etc., are 
the teachers expected to learn; if teachers are to help students learn the processes and 
product of science and technology, what and how much must they themselves know? 
The next factor which the educational designer must consider very carefully are 
those characteristics of the students (learners) which affect the way in which they 
might respond to the learning experiences provided to them. Of significance to consider in 
designing a programme for the education of teachers, are such characteristics of the 
students as their number, intellectual ability, motivation, previous education, socio-cultural 
background, physical and emotional health, language abilities etc. Indeed one of the many 
reasons why educational programmes usually cannot be merely transplanted from one 
country to another is the very important differences in the characteristics of the students. 
A knowledge of the previous exposure of the teacher trainees to science and/or 
technology is important for planning the details of a programme for training of such 
teachers of science and technology. This is because it may be necessary to help them 
'unlearn' certain concepts, notions, or attitudes which are, for example, believed to be at 
variance with an integrated view of science. It will also give information on whether the 
future teachers study science at the elementary level and secondary level, and in what form-
was it memory-dominated or inquiry-oriented or descriptive?; was the sciences learned as 
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only one or more completely separate courses(chemistry, biology, physics) or as integrated 
science or no science at all was done. 
The factor of relevant technology covers every thing from standard teaching 
techniques to the use of satellites for education- and embracing films, slides, computer-
assisted instruction, micro-teaching, closed-circuit televisions etc. 
The factors of educational materials are closely related to the preceding input (relevant 
technology), in fact there is no clear cut boundary between the two inputs but the term 
educational materials are used in this case to include materials like books, educational 
models, laboratory kits etc. 
The role and importance of the next factor 'characteristics of the teachers', 
particularly looking at the role of the teacher as a 'learning facilitator', are surely self-
evident. The teacher as a learning facilitator has the task of helping students in various 
ways (through dialogue, lecture, questions, demonstration etc.) and also in various settings 
(classroom, laboratory, lecture hall etc.) to achieve his objectives. A proper design of a 
course must therefore take careful account of the characteristics of those who will teach it-
the level and recency of their training in 'subject matter' and pedagogy, their teaching 
experience, their attitudes towards students and teaching in general their socio-cultural 
background etc. The history of educational reform efforts contain many examples of 
failures traceable to false assumptions either consciously or otherwise, regarding the 
characteristics of teachers, particularly their willingness and/or ability to adapt to new 
materials and/or methods. The lack of teacher trainers with the proper attitudes and methods 
could be a more serious problem for the designer of programmes for the education of 
teachers of integrated science. For example, will the future teacher of an inquiry-oriented 
science course learn their science from teachers who exemplify lecture or other out-dated 
methods? 
The factors of 'resources and constraints' is described by Foecke as a kind of 
'miscellaneous category', which, inspite of that , includes so many very important elements 
which affect the intelligent design of educational programmes but have not yet been 
mentioned. Of importance to mention as resources/constraints that frequently affect the 
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educational designs are finance, time, legislature (ranging from laws regarding compulsory 
school attendance, teaching of certain subjects and forbidding the teaching of certain 
things). Other sources of constraints are from students, parents, teachers, administrators, 
ministry officials etc. Many a worthy reform has failed because the innovator failed to take 
account of the resistance which might come from these sources. 
Perhaps it is worth noting here that generally these factors as could be understood 
from their analysis are closely interwoven and do not necessarily stand out distinctively as 
separate, unrelated factors as the schematic representation seems to be portraying. There 
are, in fact, no clear lines of distinctions between most of the factors, rather one only sees 
the point of representing each factor in the way they have been done for reasons of 
emphasis and being explicit. 
In a more or less specific perspective, Balogun (1983) asserts that there seems to be 
some general agreement that the preparation of a teacher must include the following: 
1. General education or general studies consisting of some basic academic studies. 
2. Some study of subject(s) that the student-teacher intends to teach. 
3. The professional studies of education which include, Educational foundations 
(philosophy, psychology, sociology, history), Curriculum studies (principles of 
curriculum development, methodologies). 
4. Teaching Practice. 
Balogun further regrouped these elements into two broad groups: Cognate Studies(1&2), 
And Professional/educational studies(3&4). 
It follows from this that a programme for the preparation of teachers for integrated 
science teaching should have the following elements: 
- Cognate Studies; 
- Educational Foundations; 
- Pedagogical Studies; 
- Teaching Practice and perhaps some ancillary course(s) [Balogun, op cit.'. 
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In Richmond(1974), an international panel refers to these same elements as: 
- Cognate areas; 
- Theoretical studies; 
- Methodological studies; and 
- Practical teaching. 
The Nigerian National Policy on Education also states that the curriculum of teachers 
colleges will consists of: 
(a) General studies(basic academic subjects); 
(b) Foundation studies(principles and practice of education); 
(c) Studies related to the students' intended field of teaching; 
(d) Teaching Practice(Fed. Republic of Nigeria, 1981). 
However, the general issue relating to these various elements considered to be 
important in the education of teachers are the questions of how we can justify their 
inclusion in the curriculum; how we can treat them in relation to one another; what should 
be the appropriate time application or effort between them and what do they look like in 
practice, that is, what does a student do and what does a teacher trainer do etc? It is most 
likely that the practice in relation to these elements in teacher education varies significantly 
between countries, colleges and even with the specific type of teacher education 
programmes. These are in fact the key issues that need to be addressed in relation to the 
education of teachers of integrated science. 
5.4 COMPETENC ES FOR INTEGRATED SCIENCE TEACHING. 
What desirable competencies or characteristics are expected of an ideal integrated 
science teacher? His professional and subject discipline competencies - what skills, 
attitudes, extent of knowledge (contents) and pedagogy are to be considered adequate for 
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the preparation of a teacher of integrated science? Are these competencies different from 
those expected and used in the preparation of either a biology, chemistry or physics 
teacher? Effort will be made to answer these questions in an attempt to provide a 
theoretical framework of desirable competencies for the education and training of teachers 
of integrated science. 
The Seventh Regional Consultation Meeting on Asia and the Pacific programme of 
Educational Innovations for Development (APEID), (Bangkok, 1981), while developing 
the workplan of APEID for its third programming cycle(1982-1986), identified what it 
called 'Open Competence' which was defined in the context of science education as 
referring to "empowering concepts and skills which are flexible and applicable to a wide 
variety of situations, rather than a limited scope." 
`Openness', the Meeting explained, is associated with the ability to transfer 
experiences from one situation to another and go beyond the boundaries of science while 
'Competence' is the ability to perform efficiently in cognitive, psychomotor, and 
affective terms. The perceptions of the 'open competence' by this Consultation Meeting 
were, inter alia, represented as the: 
1. possession of appropriate knowledge, skills and attitudes acquired through science 
education and the ability to apply these in a wide variety of situations; and 
2. ability to synthesise knowledge from different disciplines of science to be able to predict 
and view the problem of society. 
'Open competence' therefore could be viewed from this perspective as a complex 
and integrated concept encompassing various competencies and attitudes related to 
problem-solving, processes of information processing, creativity, decision-making etc.(See 
Appendix N[c] for additional details on the open competence). 
Sharing from his own personal experience on the subject of desirable characteristics 
of teachers of integrated science, Showalter(1974), identified three categories of such 
characteristics desired of an ideal teacher of integrated science and which according to him 
are crucial to the business of teaching integrated science. These are :- 
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1. Personal philosophy of science. 
2. Personal life and teaching style. 
3. Personal knowledge of learners and learning. 
The first category, 'personal philosophy of science', according to Showalter, 
involves a commitment on the part of the teacher to the concept of the unity of science. He 
should view the various specialised sciences as arbitrary sub-divisions of the larger 
sciences. That the 'disintegration' is only apparent and not real but it is of human origin. 
This is to say, the environment in which we live is of an integrated nature, the living things 
and non-living things have their own components of science in the form of biology, 
chemistry, and physics. It is only in the attempts of individuals to understand the 
complexity of nature and the environment that has led to such systematic analysis and 
consequent fragmentation of knowledge as we now know science to be. These sub-
divisions or specialised sciences, Showalter said, are useful to scientists but the larger 
general view of science is more useful to all people. From this unified science viewpoint 
the teacher should acknowledge the existence of certain factors that permeate all the 
specialised sciences that exist today. Showalter stated that once these factors are 
acknowledged as the essence of science, it follows logically that they should form the core 
of liberal education in science for all people. In this context he gave examples of these 
permeating factors, recapitulating first the seven humanistic values proposed by the 
Educational Policies Commission of U.S.A. reported in Victor and Learner (Ed),(1972) as 
values that "characterised the enterprise of science as a whole". They are:- 
1. Longing to know and to understand. 
2. Questioning all things. 
3. Search for data and their meaning. 
4. Demand for verification. 
5. Respect for logic. 
6. Consideration of premise. 
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7. Consideration of consequences. 
Other factors mentioned by Showalter as permeating the sciences are related to the 
epistemological issue of the unity of the universe such as the idea that every thing in the 
universe is part of the same universe. In other words, it is seeing nature in the unity with 
which it presents itself. 
Secondly, theories developed to explain the nature and origin of human knowledge 
typically identifies science separately from other types of human knowledge but do not 
distinguish between the specialised sciences. 
Another factor closely related to the epistemological factors is the set of 'processes' 
which characterise science but not exclusive to science. These processes which include 
observing, inferring, classifying, quantifying, controlling variables, predicting, interpreting 
data, formulating hypotheses, modelling, and defining operationally represent the dynamic 
aspect of all sciences. 
Factors which promote communication among specialised scientists are also seen to 
permeate the whole of sciences. These factors include the group of invented concepts or 
constructs that seem to be useful throughout sciences including ideas like equilibrium, 
model, field, system etc. 
Personal life and teaching style- The category of personal life and teaching style 
demands that the integrated science teacher should reflect the spirit of science in his day-to-
day life and above all in his classroom actions. That is the teacher's behaviour in relation to 
students, colleagues, school administrators, officials and the general public should 
demonstrate the application of the philosophy of science. In this context, Showalter went 
on to suggest that if teachers of integrated science are to be successful, they must act so 
that classroom learning activities are consistent with a unified science philosophy. This 
means that the teachers must, for example: 
1. value students' questioning of all things which must be done always even outside the 
context of the science class. 
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2. view their own teaching methods as the application of working hypotheses about 
teaching which is followed by collection and analysis of data and followed by a 
modification of the hypotheses. 
3. find opportunities to emphasise the application of major principles and concepts in a 
variety of contexts that use materials from the traditionally separate sciences as vehicles for 
learning. 
4. be more concerned with helping students learn the relatively few major concepts, 
processes, and values that permeate all sciences than with students acquisition of large 
number of facts which have limited usefulness in place and time. 
Personal knowledge of learner and learning- This third category of competenc es, 
according to Showalter, requires of teachers of integrated science an awareness of the 
nature of learners and the learning process. This awareness is needed by at least, all 
teachers of all subjects but Showalter feels that the integrated science teacher needs it more. 
The proper awareness, he said, would be manifested by the teachers acting as if they 
believed that: 
1. the purpose of a school and curriculum is to help students learn, not to provide a vehicle 
for the teachers to satisfy their own needs. 
2. individuals learn at different rates. 
3. individuals learn in different ways and even a given individual may learn in different 
ways at different times. 
4. certain individuals may not be able to learn certain things meaningfully because their 
present level of cognitive development does not permit it. 
5. individuals learn best when they are interested in learning. 
As a result of this awareness about the learners, the ideal teacher of integrated science will:- 
(a). utilise a broad mixture of teaching methods as opposed to using only one or two 
methods. 
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(b). advocate an evolving curriculum that over the years will change in response to the 
needs and interests of students and society and to improvement in the school's technical 
equipment. 
(c). work cooperatively and actively with colleagues on local and, if possible, on state, 
national, and international levels to improve science education. 
It can be understood from Showalter's position on the teachers' competencies that it 
requires largely of the science teacher a change in attitude in respect of the nature and spirit 
of science as well as towards the learner and learning. 
During the 1973 Maryland conference on the education of teachers for integrated science, a 
working group also came up with a number of competencies (see Appendix N[a]) 
required of a teacher of integrated science(Bajah, 1989). These competencies demand of an 
integrated science teacher a change in attitude, acquaintance with teaching facilities and 
some 'minimum' knowledge of science. The question that might arise from this 
requirement of 'minimum' knowledge of science for a teacher of integrated science is that 
what amount and nature of science contents should be considered as adequately meeting the 
'minimum' requirement. In other words, what is being considered as constituting the 
'minimum' standard in science for the teacher of integrated science? Is it possible or not 
possible to determine such a standard? Et is the opinion of this researcher that perhaps, an 
exposure of the science teacher to the fundamental concepts of the various disciplines of 
science would be an attempt at meeting the 'minimum' knowledge. 
Malcing a contribution on the education of teachers of integrated science, C'ingel and 
Yoong(1979), emphasised that the special needs required by the teacher of integrated 
science to enable him perform his responsibility effectively, are associated with his role as a 
teacher of integrated science. They therefore felt that there is the need to recapitulate on the 
expected role of the teacher of integrated science. These roles , they believe, are implicit in 
the characteristics of the integrated science curriculum projects, as they tend to put it 
succinctly that: 
almost every science curriculum project nowadays seems to have the 
following characteristics: more stress than before on concepts and 
processes; use of a variety of techniques ranging from the use of audio-
visual strategies to techniques of formulating objectives; an influence of 
110 
learning theories, e.g. of Bruner, Gagne, Ausubel, Piaget, Vygotsky; 
application of new teaching techniques and methods in a shift from mainly 
verbal instruction to the use of several senses; discovery-learning and 
openness in the teaching-learning situation, and involvement of students in 
decision-making; more attention to the social relevance of the application of 
science and to concern for the environment and for man; a trend towards 
integration either in the use of integrative principles in the separately taught 
subjects or by integrated sensu stricto; and a trend to both individualisation 
and socialization at the same time. 
This wide array of characteristics associated with integrated science curriculum 
projects would therefore imply that if the teacher of integrated science is to perform his task 
with interest ,confidence and effectiveness, his special training needs must be tailored 
towards the demand of these outlined curriculum characteristics. On these special needs of 
the teacher of integrated science, Cingel and Yoong cautioned that, although it is clear from 
the literature that there has been a great deal of thinking about requirements, guide-lines, 
objectives etc. and there is no lack of good ideas in general or specific terms about the 
education of science teachers, the reality of most teacher education does not reflect these 
views . We should therefore realise that the function of such statements is to generate ideas, 
to influence people, to serve as guide-lines and not to provide prescriptions. 
A working group discussion during the Nijmegen conference, Netherlands, 1978, 
centred on the development of some desireable attitudes in teachers of integrated science. 
The outcome of this forum, reported by Cingel and Yoong(1979) can be seen in appendix 
N[b]. Other special competenc es suggested by this working group as desirable for the 
teachers of integrated science included training them in skills necessary to make a sensible 
selection of contents(problems/tasks) which match the skills, interests and abilities of 
pupils(the contribution of the learning theories and theories of development were though 
important in this respect) and should be a good manager of resources e.g. be able to 
recognise the potentials of existing aids. 
Discussing the science content background as part of the need issue for the 
prospective teacher of integrated science, Cingel and Yoong said that the science 
background for every teacher of integrated science should at least reflect what science really 
is. They therefore suggested that in the training of teachers, we have to develop the skills 
and attitudes that can be considered typical for science. 
111 
The opinion and suggestion proffered here by Cingel and Yoong appears rather too 
general to be considered meaningful in giving specific direction to a person in search of a 
more or less specific guide on what science competence can be considered adequate for a 
teacher of integrated science. In as much as they are not expected to have gone to the 
extreme by making prescriptions of what science background an integrated science teacher 
needs, the making of rather general statements of that kind take us to another extreme. 
General statements have rarely proved to be very useful especially in situation where 
specific directions are being sought. 
A sub-group at the 1978 Nijmegen conference, in Cingel & Yoong( 979), took a 
special concern for the issue of science competence for the teacher of integrated science and 
made the following assumptions that: 
1. Teaching fundamental science deals with concepts, models and processes developed by 
scientists in each discipline; teaching integrated science deals with the unity of the universe 
and how man interprets what he observes. 
2. Traditional university courses produce 'disintegrated' scientists i.e. people who perceive 
the parts but not the whole; they therefore are not suitably adapted to train leachers of 
integrated science. 
3. Prospective teachers of integrated science in pre-service training should receive training 
in the basic concepts, models and processes of the various disciplines. 
4. Teachers must experience the same problems as pupils in respect of, for example, open-
ended problems and decision-making(this point stresses the importance of using with our 
pre-service teachers the open practical working methods of science in the same way as we 
want them to be used in the classroom). 
The points raised here are that although concepts, models and processes are 
developed by scientists in each of the science disciplines, the integrated scientist should 
attempt to interpret these in the context of 'unity in nature'. Single discipline scientists are 
therefore considered not 'suitably adapted' to train teachers of integrated science as they are 
seen to have been presented science in a 'disintegrated' form. 
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Ogunniyi(1983) believes that to be a successful integrated science teacher, one must have a 
broad background in the basic sciences(physics, chemistry, and biology). This, he said, is 
necessary to avoid a situation where a teacher teaches only the areas he understands. He 
added that, to prepare integrated science teachers for their task, a programme of training 
should be designed to meet both the academic and the professional needs of the teachers. 
Such a programme, as he puts it, should: 
help them to develop certain abilities, skills and attitudes e.g. ability to 
coordinate individual or group activities; ability to stimulate pupils to work 
independently; ability to use audio-visual aids; safety skills; ability to use 
texts and the guide effectively; skills in improvisation; ability to ask leading 
and probing questions; ability for maintaining a peaceful and working 
atmosphere; ability to creatively use different teaching methods... 
These attributes, Ogunniyi believes, will derive from the type of training a teacher 
has had as well as his awareness of the underlining principles for the integrated science 
programme which emphasises pupil-centred activities, scientific literacy, application of 
science and technology at home and at work. Hence he concluded that unless an integrated 
science teacher is aware of these implications he will not be able to implement the objectives 
of the programme. 
5.5 SUMMARY AND CONCLUSION. 
This review has attempted to survey the kind of competenc es that are considered 
desirable for the education and training of integrated science teachers to enable them 
perform their classroom tasks effectively. The goals/objectives for the education of 
integrated science teachers for the primary, secondary and tertiary levels of education were 
examined. It seems clear from these objectives that the main target of attainment in the 
education of integrated science teachers includes: 
1. Science content preparation - a broad base background knowledge in the different areas 
of science disciplines(biology, chemistry, physics, earth sciences etc.), especially of an 
integrated nature. 
2. Professional education (foundations of education, curriculum studies and teaching 
practice ) 
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3. Competencies in the processes of science, scientific attitudes, creativity and 
improvisation. 
4. Issues of science, technology, environment and society - exploring the relationship 
between science and technology and their application to the environmental and societal 
issues. 
In context, the concept of competence refers to the integrated science teachers' 
ability to perform efficiently in the cognitive, psychomotor, and affective domains with 
respect to science and technology; and their ability to apply the above acquired 
proficiency(in knowledge, skills & attitudes) to decision-making in problem-solving in 
their environment(society). In other words, besides acquiring through science education the 
appropriate knowledge, skills, and attitudes, the teacher of integrated science should in 
addition have the ability to synthesise such knowledge from the different disciplines of 
science and apply these in a wide variety of situations as well as be able to predict and view 
the problems of society. Hence, competencies for the integrated science teachers when 
viewed from this perspective is a complex and integrated concept encompassing various 
competencies in knowledge, skills, and attitudes as related to problem-solving, processes 
of information processing, creativity, and decision-making. 
From this review, three things appear clear; firstly, the teacher of integrated science 
has been portrayed to be a paragon of virtues, needing skills not only those of a teacher but 
also of a scientist. The skills needed are those of a wide ranging environmental teacher and 
specialist scientist. Secondly, most authors attempting to discuss the issues of desirable 
competenc es for the science/ integrated science teachers were more concerned with the 
theoretical specification of the competenc es that science/integrated science teachers would — 
require in handling their classroom jobs and what such teachers should be seen to be doing 
as evidence of having imbibed such competencies. But rarely are such efforts 
complemented with specifying the processes of how these competencies could be 
developed in the teachers. Perhaps, the gap is left to individual teacher training programmes 
to devise their own strategies of how to develop their teachers to attain the target, having 
known what competenc es are needed and the terminal behaviour expected of the teachers. 
Even so, mention should have been made of simple and basic processes like team-work 
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and the departmental approach to curriculum development and delivery as a strategy 
towards encouraging close interaction between the separate sciences. The interaction of 
chemistry, physics, biology etc. under the science department with the leadership from an 
overall head of science provides a rich culture not only for integrated science but also the 
single sciences vis-a-vis the teachers; under the science department, periodic meeting of all 
science teachers can be organised to discuss teaching methods, educational objectives and 
organizational matters. In survey of secondary education by the HMI, Department of 
education and science, 1979, it was observed apparently that science departments were 
more likely to be well organised if there were leadership from an overall head of science. 
Whereas in schools where the various science disciplines exist as separate department with 
their head, had noticeable lack of direction, staff cohesion and unity of purpose in the 
work. 
Thirdly, there was no show of any clear distinction between competenc es required 
by a science teacher from those of an integrated science teacher. Most often authors 
attempting to, may be, specifically address issues in relation to integrated science 
teaching(e.g. competencies, the case in point) have invariably tended to sound as if they 
were addressing the issue of 'science' in general. In which case, the terms 'science' and 
`integrated science' have been used inter-changeably in writings as synonyms. For 
instance, the goals/objectives for the education of integrated science teachers, developed by 
the 1973 Maryland Conference, was later titled 'Objectives for science teachers education' 
even when the entire conference was held under the auspices of developing strategies for 
the education of integrated science teachers. It seems, therefore, that in the context of 
science education, there is no distinction between a 'science teacher' and an 'integrated 
science teacher' other than the 'game of words' in interplay in writings. It is clear that no 
distinction between a science teacher and an integrated science teacher has been made (if 
any) in this review in relation to desirable competenc es, rather, competenc es in 
performing the task of teaching in both cases have been portrayed with a common 
perception of no difference. There are, however, notable significant differences between 
competenc es desired of the various single science disciplines teachers and those of the 
science/integrated science teachers. The specific competenc t..s of biology, chemistry and 
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physics teachers are not reviewed here as they are considered beyond the scope of this 
work. 
However no matter the subject of teaching, it is generally the believe that well 
qualified teachers are a sine qua non of successful curriculum impementation, and that no 
curriculum material is teacher proof, hence deliberate effort must be made to familiarise the 
teachers with the materials they are expected to use in the classroom. In spite of this 
understanding, most often that not, so many teachers and other decision-makers in Nigeria 
tend to lag behind in this ideal; rarely are they armed with up-to-date concepts of the aims 
and the nature of the science curriculum. It is with this in mind that attempt has been made 
in the next chapter to analys the JSS core curriculum for integrated science and some 
teacher training curricula for the benefit of the Nigerian integrated science participants. 
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CHAPTER 6 
ANALYSIS OF THE NIGERIAN INTEGRATED SCIENCE CURRICULA. 
The guidelines of the Nigeria. Integrated Science Project (NISP) curriculum 
documents do not give a clear enough picture on the nature of integration model used to 
construct the curriculum that could be of help to the teacher implementing the curriculum. 
The Curriculum Development Newsletter No. 1 (1970), for instance, explained that 
integration would be around major concepts of Life, Energy and Matter and provided a 
flow chart with a network of arrows linking various sub-concepts (see appendix E). It is 
not clear if such a flow chart is of much help to the teachers without a guide to explain how 
to interpret and implement it in practical terms. In fact the use of such flow charts as 
indicators of integration pattern for instructional guidance has been criticised by Jevons 
(1969) when he wrote: 
It is not difficult to draw diagrams showing two key concepts -
Matter and Energy - with a lot of lines showing the total inter 
connectedness of every thing with nearly every thing else. Exercises 
of this kind are certainly interesting... but how much they help 
students is debatable. Some of the connections are rather artificial, 
and in any case teaching cannot be done according to such schemes, 
since time has one dimension less than a block diagram. A teaching 
scheme must take the form of a linear sequence... 
In spite of such caution from Jevons, the flow- diagram approach (Appendix E) 
recommended by the curriculum development Newsletter No. 1 (1970) still remains about 
the only guide to teachers on the integration patterns of the NISP. Moreover, the revision 
of the original two-year NISP curriculum of 1970 to the new three-year curriculum in 1982 
saw a shift from the original conceptual approach of three major concepts (Energy, Life, 
and Matter) to a thematic approach of six socially appealing themes (see below) as the 
focus around which the curriculum content would be integrated. 
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-You as a living thing; 
- You and your home; 
- Living components of the environment; 
-Non-Living components of the environments; 
- Saving your energy; 
- Controlling the environment. 
With the adoption of these six themes and the recommendation (Bajah 1983) that 
the original flow chart (Appendix E) be used as the map of NISP integration, it would 
certainly present some difficulty for some teachers in fitting the six themes to the map. 
Normally, one would have expected that if these six themes are the foci of curriculum 
organisation , then they ought to be seen as the fulcrums of the integration map; this does 
not appear to be the case. It is, therefore obvious that these problems will make teachers 
uncertain as to the nature and pattern of integration to pursue in the course of using the 
Junior Secondary School (JSS) curriculum. This problem has given rise to calls for further 
clarification(Olarewaju 1983). 
This section sets out to contribute to such clarification by analysing not only the 
JSS core-curriculum for Integrated Science but also the curricula for teacher training at the 
colleges of education and the universities covered by this study. 
The Junior Secondary Schools and Colleges of Education are provided with 
national core curricula while the universities maintain separate and independently designed 
curricula. 
Attempt has been made by the researcher to analyse these curricula in terms of 
scope and intensity of integration. As reviewed in chapter 4 of this work (pages 77-79), 
Blum (1973) defined "scope" of integration as "the range of disciplines and fields of study 
from which content has been used in an integrated science curriculum". He also defined 
"intensity" as "the degree to which the subject matter has been truly integrated" or blended. 
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He then suggested three categories of intensity of integration between disciplines namely, 
"Coordination", "Combination" and "Amalgamation". According to these categories, a 
coordinated curriculum was seen as one whereby independent subject programmes were 
taught simultaneously but under the influence of a common agency such as an educational 
authority or planning committee. A combined curriculum was described as a science 
programme in which the chapters or other major units are organised around headings taken 
from the different disciplines. An amalgamated curriculum was described as one in which 
an interdisciplinary topic or issue forms the unifying principle at the chapter level. 
In the light of the above categorisations Blum (1973) as well as Haggis and Adey 
(1979) studied and provided evidence about the scope and intensity of integration provided 
for in a number of science curricula. All the authors noted the difficulties attendant upon 
trying to provide a detailed analysis of the intensity of integration to satisfy all the intended 
meanings of integration in a curriculum. For example, Blum, having noted that various 
curricula integrate content around interdisciplinary issues such as "air", "water", 
"pollution", "concepts", "processes", and "inquiry", admitted he was unable to represent 
all these "integration principles" in his intensity of integration matrix, and therefore 
suggested further publications to deal with these. 
6.1 PROCEDURE FOR CURRICULUM ANALYSIS. 
In carrying out this analysis effort was made to analyse the curricula in terms of the 
extent to which they provide for the range of meanings (or principles) of integration as 
identified earlier in chapter 3 (section 3.3) and chapter 4. 
This analysis was considered essential for the following reasons: 
(i) To establish if there is any relationship between the teacher training 
curricula and that to be implemented in schools; 
(ii) To clarify for the users of the curricula, particularly the teachers and 
teacher trainers, the provisions that exist therein for integration 
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An attempt was made to describe the integation of the several curricula in terms of:- 
(i) Unity of all knowledge; 
(ii) Conceptual unity of the sciences; 
(iii) Processes of enquiry; 
(iv) Social relevance of science; 
(v) Interdisciplinarity (Scope). 
To carry out this analysis, an instrument, "Integration Checklist" (appendix F), 
with a set of criteria generated for this task, was used. 
To measure integration in the curriculum in terms of "Unity of all Knowledge", the 
title (theme) of each unit was taken as the fulcrum around which all knowledge in the unit 
would be organised. Then, the topics (sub-themes) under each unit were examined for fit, 
that is, whether or not they fit logically into the range of knowledge expected to appear 
under such an overall unit theme. 
For 'Conceptual Unity', the entire contents of each unit or course were examined to 
identify any evidence of provision made for the following conceptual schemes and major 
concepts:- 
- Diversity 
- Change 
- Continuity 
- Interaction 
- Systems and Organisation 
- Cycles 
- Energy 
- Forces. 
As already discussed in chapter 3, sub-section 3.3.2, these conceptual schemes and 
major concepts are widely regarded as having considerable potentialities for conceptual 
integration across various science disciplines, and have been employed as such in the 
development of several integrated science curricula. 
Integration as 'Processes of Enquiry' was measured in terms of the following 
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process/enquiry indicators:- 
- Observing 
- Classifying 
- Reporting 
- Organising 
- Generalising 
- Predicting 
- Experimenting 
- Using/Maldng Models 
- Measuring 
- Problem Solving. 
The selection of these particular enquiry skills was based on the fact that their 
acquisition is part of the aims of the National Core Curriculum for integrated science (see 
section 2.1.1 and 2.2). Evidence of provision for developing any of these skills in a given 
unit/course was regarded as satisfying integration requirements in that respect. 
To measure integration as the 'social relevance of science', the contents of each theme 
were examined for evidence or mention of the application or implication of scientific 
knowledge and/ or processes for people and their environment. 
To measure integration as "an Interdisciplinary Study", the contents of the curriculum 
will be gone through unit by unit to identify disciplines from which they may have been 
drawn. This facet of the analysis tallies with what Blum (1973) calls the "Scope" of 
integration. 
Throughout the analysis, units/ courses were used as the basis for indicating the 
presence or absence of each of the integrating principles examined. This strategy was 
adopted for the fact that it is not always possible or expected that each classroom activity 
would demonstrate all expectations of integration. Hence, in order to have a. fair view of the 
provisions for integration in the curriculum it was considered necessary to observe a series 
of lessons or examine a series of activities of the sort that might ordinarily be contained in a 
unit or course of printed text. 
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To facilitate the analysis, a check-list (Appendix F) was developed in which 
provisions were made for all facets (principles) of integration to be identified in the 
curricula, as well as corresponding themes and units of the curricula. The curricula 
examined using this check-list were :- 
1. Integrated Science National Core-curriculum for the Junior Secondary School in 
Nigeria. (Appendix G) 
2. Integrated Science National Core-curriculum for Colleges of Education in Nigeria 
(Appendix H). 
3. University of Jos Bachelor of Education (B.Ed.) Integrated Science Curriculum 
(Appendix I). 
4. Ahmadu Bello University, Zaria B.Ed. Integrated Science Curriculum (Appendix J). 
After analysing all the curricula and recording the results on the appropriate check-
lists, the researcher submitted the check-lists to some experienced integrated science 
teachers both Nigerian nationals and other nationals, for vetting. These experienced 
teachers examined the curricula in detail and to see whether or not the researcher's analysis 
as per the check-lists, provided an accurate or fair representation or judgement of the extent 
of integration provided for in the curricula. Appropriate adjustments were made where the 
results show differing opinions, to provide a final check-list on which the resulting 
discussion was based. 
It may be necessary to point out one thing about the manner in which the check-list 
was operated. It is that once a particular integrating principle, say, the "Classifying" 
process is found to have been provided for in one activity of a given unit/course, that single 
occurrence satisfies the requirements of the check-list. Further instances of provisions for 
"Classifying" in the same unit/course, though appreciated, would not add further 
information to the check-list as far as "Classifying" is concerned for that unit/course. 
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6.3 RESULT. 
For further details of results outlined in this section, pleased refer to Appendix F(i) & (ii). 
Analysing the JSS curriculum for the concept of integration as "unity of all 
knowledge" revealed that with the exception of cases shown in Table 6.1, all other topics 
seem to fit logically into the range of knowledge expected to appear under the overall 
themes. 
Table 6.1: Topics that were considered as 'misfits' under their overall 
themes. 
THEME TOPIC 
Non-Living components of the 
Environment. 
3&14 - Measurement (appearing under year 2 & 
7 - Man in space (appearing under year 1 & 3). 
13 - Energy (appearing in year 2 & 3). 
3). 
Table 6.2: Number and Percentage of topics that were considered fit or not 
so fit under the themes they appear. 
THEME FIT 
Number 	 Percentage 
UNFIT 
Number 	 Percenta!e 
You as a living thing. 10 100 0 0 
You and your home 6 100 0 0 
Living components of the environment. 5 100 0 0 
Non-living components of the environment. 17 73.9 6 26.1 
Saving your energy. 7 100 0 0 
Controlling the environment. 8 100 0 
Incidentally, all those topics which have been questioned for their fitness under the 
overall themes appear under the same theme - "Non-living components in the 
environment". "Measurement" which is a skill, a process-based topic is of relevance to 
both living and non-living things. This is even clear from the contents outlined to be taught 
under the topic, evidently it is not just an exclusive activity for the non-living components. 
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So why cage it under the theme 'Non-living components of the environment'? 
We cannot certainly pretend that the topic "Man in space" is about non-living things 
only. Ironically, while the topic is 'man in space', a glance at the contents to be taught 
under this topic shows no mention of any link with 'man' either. 
The topic "Energy" is being questioned under this theme for the fact that it is regarded 
as a major concept for integrating scientific knowledge and by trying to cage it under a 
theme like "Non-living components of the environment" does not appear to have much 
logic. 
Generally, when the themes and the topics are analysed, it becomes obvious, as has 
been observed from the 'not-so-fit' topics, that the theme 'Non-living components of the 
environment' like its converse, 'Living components of the environment' are reflective of 
the traditional categorisation of knowledge into biological sciences on one hand and the 
physical sciences (chemistry/physics) on the other hand. While it will be necessary to 
suggest here that a sort of reorganisation of the themes and topics may be desirable to 
encourage a fuller perception of integration as unity of all knowledge (fitness of topics 
under their themes), it is also recognised too that, it is not possible to attain absolute 
integration of the science with a possible loss of the subject discipline identity. However, 
the point that the researcher intends to make by suggesting further reorganisation of 
themes/topics is that when claims are being made that a curriculum is integrated, it should, 
as far as possible, be seen to be so. This is particularly important and relevant when themes 
are made to be the fulcrum for the integration. 
Although suggestion for further reorganisation is being made here, it is in no way 
implying that the integrated science curriculum analysed for the meaning of integration in 
science in terms of "unity of all knowledge" has been found grossly dissatisfying. The 
cases for 'misfits' as shown in tables 6.1 and 6.2 are small minority, as the majority of 
topics (88%) appear to have fitted well under their covering themes (see table 6.2). This 
means that such topics with their contents are believed to contribute knowledge towards the 
building of understanding of the kind of knowledge suggested by their respective covering 
themes. For example, the theme 'You as a living thing" has the following topics spirally 
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arranged from year one to year three: 'Characteristics of living things', 'characteristics of 
animals and plants', 'human beings as intelligent animals'. 'know your body', 'feeding' -
all to be taught in year one under this theme; those for year two includes 'the functioning of 
human body' - movement, excretory system, respiratory system, circulatory system, and 
digestive system; and for year three - ' food storage', 'nervous system' and 'sense organs', 
'reproductive system' and 'health'. By accepting all these topics and their contents to fit 
under the theme 'You as living thing' presupposes that all of them will help the child build 
a better understanding of himself as a living thing. In the opinion of the researcher, this is a 
reasonable approach and measure of "integration as unity of all knowledge". 
In respect of provisions for integration as "conceptual unity of science", the different 
themes were examined for the provision of the conceptual schemes/major concepts. The 
frequency of occurrence of these major concepts/conceptual schemes were examined for 
their provision within the content of each theme and their frequency across the themes. 
These frequencies were tallied across the rows and down the columns (see table 6.3). 
Table 6.3: Provision for integration as 'Conceptual Unity of Science' 
through conceptual schemes/major concepts. 
THEME CONCEPTUAL SCHEME/MAJOR CONCEPT. 
Diversity Change continuity Interaction System/Org- 
anisation 
Cycles Energy Face Total Number & 
Frequency of 
concepts 
provided for 
You as a living 
thing 
2 2 1 0 3 1 0 0 5(9) 
You and your home. 1 0 1 0 0 0 1 0 3(3) 
Living components 
of the environment. 
3 0 0 1 0 1 1 0 4(6) 
Non-living 
components of the 
environment. 
0 3 0 1 1 1 4 1 6(11) 
Saving your energy. 0 2 0 0 0 0 1 3 3(6) 
Controlling the 
environment. 
0 3 0 0 0 1 1 0 3(5) 
Total No. of themes 
and frequency of 
concepts provided for 
3(6) 4(10) 2(2) 2(2) 2(4) 4(4) 5(8) 2(4) 
NB: Figures in brackets are frequencies. 
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The result shown on this table seems to indicate that while the curriculum shows fair 
awareness of integration via conceptual scheme/major concept approach, this approach is 
not where its main emphasis lies. Hence, a part from 'Change', 'Energy', 'Diversity', and 
Cycles which show significant evidence of provision for in between 3-5 of the six themes 
with frequencies of between 4-10, all the other concepts show diminishing 
representation/presence. Similarly, apart from themes 'You as a living thing', 'Living 
components of the environment' and the 'Non-living components of the environment' 
which show evidence of provision for 4, 5, and 6 of the eight conceptual schemes/major 
concepts examined respectively, the remaining show insignificant provision for these 
conceptual schemes/major concepts. Generally, the provision made in this curriculum for 
the concept of integration in science via conceptual schemes/major concepts are more 
implicit. Hence a lot depends on the teachers to be able to recognise such provisions as they 
implement the curriculum. 
Table 6.4: Provision for integration as 'Process of Enquiry' in the JSS 
curriculum. 
THEME UNIFIED PROCESS OF ENQUIRY 	
_ 
Observ- 
ing 
Classify 
-ing 
Report- 
ing 
°spill- 
sing 
Genera 
-sing 
Predict- 
ing 
Expesi- 
matting 
Using/ 
making 
models 
Magus- 
ing 
Problem 
solving 
Total 
You as a living 
thing. 
8 2 5 3 4 1 3 5 0 6 9(37) 
You and your home. 2 1 2 2 2 1 2 0 0 3_ 8(13) 
Living components 
of the environment. 
5 4 4 4 4 1 3 0 0 0 7(24) 
Non-living 
components of the 
environment. 
19 3 18 15 14 11 16 2 4 3 10 
(105) 
Saving your energy. 3 2 4 4 4 4 4 0 2 1 9(28) 
Controlling the 
environment. 
5 1 5 4 4 4 3 0 2 7 9(35) 
Total 6(42) 6(13) 6(38) 6(32) 6(32) 6(22) 6(31) 2(7) 3(8) 5(20) 
NB: Figure in brackets are frequencies. 
Table 6.4 show evidence of provisions for integration as processes of enquiry in 
science examined across the six themes of the JSS curriculum. Reference can be made to 
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the details of this check list in appendix F(i). 
The results in table 6.4 reveal the following trends. All the ten processes of enquiry 
showed evidence of being provided for across all the six themes except 'using/making 
models', 'measuring', and 'problem solving'. The process 'observing' has the highest 
provision in all the six themes with a frequency of 42 (mean of 7.0) across the six themes. 
The next process skill most highly provided for is 'Reporting', frequency of 38 (mean of 
6.33) followed by 'organising', 'generalising' and 'experimenting', all with frequencies of 
about 32 and mean of about 5. The process skill least provided for in all the six themes is 
'Using/making models'(mean of about 1.2). 
The theme 'Non-living components of the environment' provided for all the ten 
(10) process skills examined in this analysis and also showed an outstanding high 
frequency of occurrence for each of the processes. The theme 'You as a living thing' show 
provision for all processes except for one - 'measuring' and so also the themes 'Saving 
your energy' and 'controlling the environment' provided for all except 'using/making 
models'. The other two themes: 'You and your home' and 'Living components of the 
environment' did not provide for 2 ('using/making models' and 'measuring') and 3 
('using/making models', 'measuring' and ' problem solvingWyespectne€ ij • 
The percentage overall mean of about 87% for all the ten process skills in all the six 
thaw combined shows that the Nigerian Integrated science core-curriculum for Junior 
Secondary school contains considerable provisions for the teaching and learning of process 
skills. 
Analysing the six themes and their topics/contents for integration as the 'social 
relevance of science', the result (appendix F-i) shows that for the theme 'You as a living 
thing', seven (7) of its ten topics showed evidence of provision for 'integration as social 
relevance; the theme 'You and your home' shows 100% for social relevance in all its six 
topics covered under the theme; only three (60%) of the five topics under the theme 'living 
components of the environment' show provision for integration as social relevance. From 
the twenty three (23) topics of the theme tcliving components of the environment' only 
seven (30.4%) show evidence of provision for integration as social relevance; the themes 
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'Saving your energy' and 'Controlling your environment' with seven and eight topics 
coverage respectively, both show 1(X)% provision for integration as social relevance. 
Except for the theme 'Non-living components of the environment' which shows a very low 
provision (30) for integration as social relevance, all the other five themes show very high 
provision (between 60 - 100%) for the integration as the 'social relevance of science'. 
Putting all the themes together, it means that a mean of about 79% of the topics in the 
curriculum contained information considered important for the child's better understanding 
of science and its implication for himself, his home, his environment, his culture as well as 
his society and country. From this result, it could as well be concluded that one of the 
great strengths of the integrated science curriculum lies in the "social relevance" perspective 
of integration. 
The analysis of the curriculum for the provision for "integration" as 
"interdisciplinary study" (scope), showed the details set out in table 6.5 below:- 
Table 6.5(a): SPREAD OF DISCIPLINES/FIELDS OF STUDY CONTRIBUTING 
CONTENTS TO THE SIX THEMES OF THE JSS CURRICULUM. 
THEME DISCIPLINES/FIELDS 	 OF 
STUDY DRAWN UPON. 
PERCENTAGE CONTENT 
You as living thing. Biology 75 
Health science 17 
Chemistry 08 
You and your home. Biology 33 
Health science 20 
Chemistry 07 
Agricultural science 07 
Physics 13 
Technology 13 
Socio-cultural 7 
Living components of the Biology 56 
environment. Chemistry 22 
Earth science 11 
Agricultural science 11 
Non-living components of the Biology 06 
environment. Chemistry 50 
Physics 26 
Earth science 09 
Technology 09 
Saving Your energy. Agricultural science 23 
Technology 38 
Physics 39 
Controlling the environment Agricultural science 38 
Technology 25 
Physics 06 
Biology 19 
Chemistry 06 
Earth science 06 
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Table 6.5(b): Scope of Integration in JSS Integrated Science Core 
Curriculum 
SCOPE (Range of disciplines and fields of study drawn upon). Number of topics/sub-topics Pcmenta_e 
Biology 27 27.6 
Chemistry 22 22.5 
Physics 16 16.3 
Agricultural science 06 06.1 
Earth sciences (geography, geology, astronomy) 07 07.1 
Health science 09 09.2 
Technological sciences (incl. environmental sc) 11 11.2 
TOTAL 98 100 
Figure 6.1: Chart Showing the Scope of Integration in the JSS 
Integratra Science Curriculum. 
Table 6.5 (a&b) and Figure 6.1 above show the spread of disciplines contributing 
contents to each of the six themes. While some themes have as few as only three disciplines 
and/or fields of study ( e.g. 'You as a living thing', 'Saving your energy') contributing 
contents in building them up, others like 'You and your home', 'Non-living components of 
the environment' have five and seven disciplines and/or fields of study contributing to their 
contents respectively. The summary in table 6.5 (b) and the pie chart give the picture of the 
disciplines and fields of study from which subject matter have been drawn upon to build up 
the entire integrated science core-curriculum, 
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6.4 SUMMARY AND CONCLUSION. 
The analysis of the JSS integrated science curriculum was carried out in order to 
establish the nature of integration that exist in it. This was done with a focus on the 
established range of meanings or principles of integration as identified by this research 
earlier in this work. In practical terms, therefore, the analysis of integration in the 
curriculum was done in terms of: 
(a) Unity of all knowledge. 
(b) Conceptual unity of the sciences. 
(c) Process of enquiry. 
(d) Social relevance of science. 
(e) Interdisciplinary study. 
The analysis in terms of these five group of meanings of integration in science has 
revealed that there is a considerable and significant attempt to reflect each of them in the 
Junior Secondary School curriculum. With the exception of integration in terms of the 
"conceptual unity of science" which has been sparingly used all the other four have been 
heavily reflected in the design of the curriculum. With regard to scope of integration, the 
Integration Science showed considerable scope, as it drew its contents from a wide range 
of disciplines (table 6.5(b) and figure 6.1). Contents were found to have been drawn 
mainly from biology (28%), chemistry (23%), physics (16%) technological sciences 
(11%), health science (9%), earth science (7%), and agricultural science (6%). 
With this result one may say that the Nigerian integrated science core-curriculum for 
the junior secondary school is considerably integrated with an intensity of integration which 
reasonably fits Blum's 'amalgamated' category. Blum defines an amalgamated curriculum 
as one in which an interdisciplinary topic or issue forms the unifying principle. The JSS 
curriculum has, in fact, used as its integration principle or fulcrum for integration, some six 
socially appealing themes, in which the developers have really gone to great lengths to 
make an 'amalgamated curriculum'. Less emphasis was, however placed on the 
'conceptual unity of the sciences' as an integrating principle. We may not be able to 
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conclude here that this is a weakness or just a bias but could turn to the assertion made by 
Abah, (1990) suggesting that the possibility that strategies aimed at achieving maximum 
integration as the 'social relevance of science' may technically repress the chances of 
achieving greater integration as the 'conceptual unity of the sciences'. 
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6.5 THE NIGERIA INTEGRATED SCIENCE TEACHER EDUCATION 
PROJECT (NISTEP): Core Curriculum for Nigeria Certificate of Education. 
The traditional three year Nigeria Certificate in Education (NCE) programme was 
established in the early 1960s to produce "highly qualified, non-graduate teachers" to 
teach courses at both the primary and junior levels of he secondary schools. The original 
intent was to use about 66.6% of NCE graduates to strengthen the teaching force of the 
primary level while the remaining 33.3% was meant to be deployed to teach in the junior 
secondary schools (Adesina, 1988). Initially , the pattern of training was meant to expose 
trainees during the first two years to 'A' level courses while the third year was spent on 
learning pedagogical content. Prospective candidates for careers in the science offered 
two major teaching subjects such as chemistry and biology, chemistry and mathematics, 
physics and chemistry, physics and mathematics, etc. with pedagogical courses for the 
three year period of the course (Obanya 1983). 
In 1977, the National Policy on Education was first published and revised (1981). 
This document modifies the original objective of the NCE programmes and spells out in 
broad terms the structure of the curriculum of colleges of Education. The policy 
prescribes that "... the NCE will ultimately become the minimum basic qualification for 
entry into the teaching profession" (NPE, 1981 ). This statement implies that NCE 
Science and other subjects will be the minimum qualification for teaching in the primary 
school. 
With the introduction of integrated science into the junior secondary school 
curriculum, the teacher needs were responded to by the colleges of education quite 
slowly. The few colleges that had some form of teacher training for integrated science 
were only offering it as a minor course. In fact a careful analysis of the science curricula 
of colleges of Education across the country reveals a variety of patterns and trends 
(Akinmade 1990). While these curricular trends reflect the broad prescriptions of the 
NPE, regarding the curriculum of teachers colleges, studies have shown that the 
traditional NCE graduate is inadequately prepared and hence encounters great difficulty 
in the teaching of integrated science at the junior secondary school (Jegede 1983; 
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Aldnmade 1988a, 1988b ). These findings cast doubt on the adequacy of the traditional 
NCE curriculum for preparing junior secondary school integrated science teachers. 
6.5.1 Integrated Science Teacher Education Project (NISTEP) 
The aim of the project was to improve the quality of the compulsory integrated 
science teaching in the Junior secondary school by 'training the trainers' and developing 
training materials, both for the pre-service training in the colleges of education and for in-
service training (INSET). 
The project was to improve the effectiveness of integrated science teaching by 
developing a programme in the Institute of Education at Ahmadu Bello University, Zaria, 
(ABU), to train: 
(i) lecturers in the colleges of education to teach integrated science effectively to 
those studying on the NCE programme; 
(ii) tutors and the science inspectors in the state-based Educational Resource 
Centres (ERC) to improve and increase the in-service training(INSET) 
available to practising teachers. 
In addition to this programme of 'training the trainers', the ABU Institute of 
Education was to develop with, and for use in, its affiliated colleges of education a NCE 
'Double Major' integrated science programme. The project was also to assist in the 
development of a Bachelor of Education (BEd) programme in integrated science under 
the auspices of the faculty of education at ABU. 
To enable the institute and faculty of education at ABU to mount these 'training of 
trainers' and course materials development programme, the project was also to include a 
training programme for the science staff of the institute/faculty and maintain a link with a 
technical partner in the UK -Kings' College London. A series of 3 month training visit to 
the UK was also to be undertaken by COE and ERC staff. 
The project funded by the Overseas Development Administration (ODA) was to be 
a six year development plan (1988/89 - 1993/94), administered by the British Council 
with Kings' College, London as the technical partner. 
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6.5.1.1 Mid -Term Review of NISTEP. 
A report from the mid-term review of this project undertaken by T. Allsop and P. 
Towse (1992), did not present an impressive success story. The project was rather 
observed to be entangled in a number of crisis situation. The review team was not 
impressed with what it saw happening with the project. The following are among many of 
the observations made about the project by the team: 
• On the siting of the project, they stated: "Many of the difficulties facing NISTEP 
stem simply from the fact that what was to be a national project located in two 
centres became, by default, and for all intents and purposes, a regional one based 
in ABU..." 
• On the development of material they said: "The development of the NISTEP 
materials is fast approaching a state of crisis, too few units have been produced... 
and too many yet to be produced..." 
As urgent measures, they recommended that more effort be put up to overcome the 
difficulties thought to be associated with siting of the project by restoring to the project a 
'truly national flavour'. Secondly, to avoid further cohort of college students having to 
complete their course without access to any trial NISTEP materials, they called for the 
rapid completion of some of the units. 
Several other useful recommendations relating to staff development and organisation 
were made towards managing, sustaining and developing the project. 
With the emergence of the National Commission for Colleges of Education 
(NCCE) to oversee the programmes of all Colleges of Education in the country, Core-
curricula for all subjects including integrated science were developed as a first step 
towards unifying the independent programmes of teacher education that existed then. The 
NISTEP integrated science curriculum was adopted as a core-curriculum for all colleges 
of education in the country. 
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6.5.2 Analysis of NISTEP Curriculum 
The following objectives were listed as principal to the preparation of teacher of 
integrated science (NCCE, 1990): 
- to enable students gain the concept of the fundamental unity of science; 
- to instil in students a commonality of approach to problems of a scientific nature 
i.e. the scientific method; 
- to increase students' understanding of the role and functions of science in 
everyday life and in the world in which they live; 
- to make students well informed and scientifically literate; 
- to enable students acquire and demonstrate the intellectual competence and 
professional skills necessary to the teaching of integrated science in junior 
secondary schools, as an inquiry based subject, in conformity with the National 
curriculum; 
- to develop in students the ability to impart and encourage in their pupils the 
spirit of inquiry into living and non-living things in the environment; 
- to develop the ability and motivation in students to work and think in an 
independent manner; 
- to enable students carry out scientific investigations emphasising cooperation, 
development of appropriate scientific processes and skills and improving their 
written and oral communication skills. 
Generally the curriculum document (Appendix H), claim to have been developed 
based upon the proposals for minimum academic standards for the Nigerian Certificate of 
Education (NCE) level approved by the National Commission for Colleges of Education 
(NCCE), shows that science forms the major component (73% [60 credit units] ) of the 
programme in all the three parts of the NCE. Mathematics and Methodology units (5%[4 
credit units] and 10%[8 credit units] respectively ) form an integral part of the curriculum 
and are covered in Parts I and II of the course. Teaching Practice (about 12%[10 credit 
units] ) of the course, is undertaken in the third year of the course and stretches over a 
period of 10 weeks. 
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All courses in the programme are said to be core, giving a minimum credit 
requirement for the award of NCE ( Integrated science) of 82 course credit unit (including 
Teaching Practice). 
On the science contents of the programme and its delivery, the curriculum 
document (1991) states that the science in year one is to be seen as a foundation year in 
the basic science. This is because, given the varied entry qualification of candidates in 
terms of science contents, a flexible approach is envisaged with a view to bringing all 
candidates to a common level of familiarity and understanding with the three major areas 
of science. However, year 2&3 of the course will see an expanding of the content areas of 
the basic sciences and this is to be done with constant reference to unifying concepts such 
as energy, conservation, balance and cycles in nature, particle theory, and fields of 
study such as health , technology, and ecology. The document believes that it is this 
emphasis on the unity of the scientific world view that will make this programme 
different from a mere combination of topics from physics, chemistry and biology. 
The Processes of science also form a major focus of the curriculum as is explicit 
in the following statements: 
"Science" is far more than an inert body of knowledge. It is a method of 
enquiry in to the nature of the environment. This method can be learned by 
anyone, and a prime aim, of science curriculum must be to provide 
students with an introduction to this method to allow them to follow their 
own enquiries (- cognitive and practical aspects). The cognitive aspects 
include the ability to formulate questions, to identify variables and design 
experiments, to interpret result, recognise patterns, general hypotheses, 
draw conclusions and develop theoretical models. The practical skills, 
include general skills such as the ability to observe and to measure and 
more specialised skills in handling and use of laboratory apparatus, living 
materials and chemicals. 
The document urged that the application of the science knowledge and concepts 
contained in the syllabus to the everyday experience of the students and to the 
technological development of Nigeria, be emphasised throughout. In conclusion it states 
"it should be taken as mandatory in this syllabus that these elements of processes, skills, 
and application are to be woven throughout the content matter as often as they can be." 
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When the curriculum was analysed for the concept of integration as: 'Unity of all 
knowledge'; 'Conceptual unity'; 'Unified process of enquiry'; 'Social relevance'; and 
'Interdisciplinary' ( as in checklist appendix F), the following views emerged: 
As 'unity of all knowledge' the titles (21) were taken as the themes, then the 
topics with their contents, appearing under each theme were examined for their logical 
fitness under their respective course titles (themes). The result of this exercise (appendix 
Fii) shows that all topics appear to fit logically into the range of knowledge expected to 
appear under the themes which they have been placed. There are therefore no cases of 
misplaced topics as the analysis seems to suggest. When this result is compared with that 
of the Junior secondary school curriculum, in which obvious cases of misfit topics were 
observed, it might seem reasonable to conclude that the larger the number of themes 
chosen to form the fulcrum for the integration, the less problems there are in fitting all the 
fields of knowledge intended to be included in the curriculum. The difference lies in the 
number of themes used, six compared with twenty one in NISTEP. However, reflecting 
on Blum's meaning of 'scope and intensity' of integration, particularly his categories of 
intensity of integration (coordination, combination and amalgamation), the JSS 
curriculum whose themes are more interdisciplinary, gives a more representative picture 
of an amalgamated curriculum than that of the NISTEP curriculum. This means there is 
more integration between disciplines in the JSS curriculum. The themes of the NISTEP 
curriculum show less of interdisciplinary issues and more of headings or titles taken from 
the different science/science-related disciplines. For instance, it is easy to tell al: a glance 
that themes likes statics & dynamics; carbon compounds; and transport, control, 
skeletal system & development in living things, are titles taken from physics, chemistry 
and biology respectively. Contents under each of these topics reflect, almost entirely, the 
subject matter of these disciplines. With this characteristic feature of taking themes or 
headings from disciplines to form fulcrums for integration, the NISTEP curriculum fits 
Blum's category of a 'combined curriculum'. This finding is, in fact, not surprising but 
only goes to confirm how the integration is being done as was gathered from responses 
from interviews with the Integrated Science Course Coordinators of the teachers' 
training colleges. From the interviews it was gathered that the various elements of the 
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curriculum are handled by different science departments with the integrated science dept 
handling the main job of coordination. 
This pattern of 'integration' seems to fit and suit the nature of how the teaching of 
the course is being handled in the teacher training colleges. Responses to an interview 
question by the integrated science course Coordinators from all the six colleges of 
education and the two universities(faculties of education) on how the teaching of the 
integrated science course were being handled, revealed that, although, integrated science 
departments exist, the teaching of the course is a cooperation between all the relevant 
science department in each college. This is done in such a way that all courses with biases 
in either biology, chemistry, physics etc. are handled by its appropriate department. The 
Integrated science departments play the role of co-ordinating the participating 
departments in planning and supervising the delivery of the course. 
6.5.2.1 Provision for integration as 'Conceptual unity of science' in the NISTEP 
curriculum. 
Using the Integration checklist (Appendix Fii), the 21 themes and their topics/ 
contents were examined for any evidence of provision for the eight (8) conceptual 
schemes/major concepts. Table 6.6 below shows details of the result. 
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Table 6.6: Provision for integration via conceptual schemes in NISTEP curriculum 
THEME CONCEPTUAL SCHEME/MAJOR CONCEPT. 
Diversity Change continuity Interaction - Systan/Org- 
anisation 
Cycles Energy Force I vat Number & 
Frequaicy of 
conc -vs 
provided for 
1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 
3 0 1 0 2 0 2 0 0 3(5) 
4 0 0 0 0 0 0 9 1 2(10) 
5 1 2 0 0 0 0 1 0 3(4) 
6 0 0 0 0 1 1 2 0 3(4) 
7 0 2 2 1 5 2 1 0 6(12) 
8 0 1 0 0 0 2 0 0 3(3) 
9 2 2 1 1 1 1 1 0 7(9) 
10 0 0 0 0 0 0 1 4 11.5) 
11 0 1 0 0 0 0 2 0 2(3) 
12 0 1 1 0 0 0 0 0 2(2) 
13 1 0 0 0 1 0 0 0 2(2) 
14 1 0 2 0 0 0 1 0 3(4) 
15 0 0 1 0 1 1 0 0 3(3) 
16 7 0 0 0 0 0 2 0 2(9) 
17 0 1 1 1 0 0 1 0 4(4) 
18 0 . 0 1 0 0 0 0 0 1(1) 
19 0 0 0 0 0 0 0 0 0 
20 0 4 4 4 0 0 3 0 4(15) 
21 0 0 0 0 0 0 1 2 2(3) 
5(12) 9(15) 9(12) 5(9) 5(9) 6(9) 12(25) 3(7) 
The result displayed in the table above shows that the NISTEP curriculum, 
although, should demonstrate awareness for integration through conceptual 
schemes/major concepts, it did not appear to have done a good job in its attempt to 
integrate via the conceptual schemes or major concepts. Although it is a stated objective 
in the preamble to the NISTEP syllabus to make constant reference to unifying concepts 
such as energy, conservation, balance and cycles in nature etc. very little has been done to 
reflect this in the design of the curriculum. Perhaps the teacher is left with the rest of the 
story. 
With the exception of the concepts Energy, Change and Continuity which show 
evidence (between 40-60% [8-12]) of provision for across the 21 themes, all the others 
show between 10-30% (3-6) provision. When each of the 21 themes was examined for 
any evidence of provision for the eight (8) concepts, only themes 9, 7, 17 and 20 showed 
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provision for 50% and above(4-7) of these concepts which formed the basis for this 
analysis. 
This result is quite similar to that of the JSS curriculum (table 6.3) - that is, less 
emphasis on integration via the unifying concepts even though they seemed to have been 
recognised as important medium for integration in science. Where attempts were made to 
provide for integration via the unifying concepts they are not so explicit, hence it would 
require a resourceful and an above average teacher to recognise their provision as he 
performs his duty. 
6.5.2.2 Provision for integration as. 'Process of enquiry' in NISTEP curriculum. 
Table 6.7 below gives the details of the analysis of the NISTEP curriculum for the 
evidence of provisions for integration as processes of enquiry. Reference can be made to 
appendix F(ii) for details of this analysis. 
TABLE 6.7: Integration through 'unified Process of enquiry' in the NISTEP 
curriculum. 
THEME UNIFIED PROCESS OF ENQUIRY 
Obaerv- 
ing 
Clasady 
-ing 
Report- 
ing 
Organi- - 
sing 
(Men& 
-sing 
Predict- 
mg 
Experi- 
mentos 
Using/ 
making 
models 
Messer- - 
ing 
emblem 
t obring 
— 
'foul 
1 0 0 0 0 0 0 0  0 1 8_ 2(9) 
2 1 1 0 0 0 0 0 0 1 1 4(4) 
3 2 1 2 2 2 1 2 0 1 2_ 9(15) 
4 5 1 5 1 1 1 4 0 1 2 9(21) 
5 2 2 2 0 0 0 2 0 0 0 4(8) 
6 4 2 4 4 4 2 4 0 1 0 8(25) 
7 1 0 0 0 0 0 0 0 , 0 0
_ 
1(1) 
8 1 1 1 0 0 0 1 0 0 0 
_ 
4(4) 
0 9 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0...  0 
11 0 0 0 0 0 0 0 0 0 0 0 
12 5 5 5 5 5 5 5 0 0 0 7(35) 
13 0 0 0 0 0 0 0 0 0 0_ 0 
14 1 1 1 1 1 1 1 0 0 0 
_ 
7(7) 
7(7) 15 1 1 1 1 1 1 1 0 0 0 
16 5 4 4 5 2 2 4 0 0 0_  7(26) 
1(6) 17 0 0 0 0 0 0 0 0 0 6 
18 0 0 0 0 0 0 0 0 0 1 1(1) 
19 0 0 0 0 0 0 0 0 0 0 0 
20 3 1 3 2 2 2 3 0 1 0 8(17) 
21 0 0 0 0 0 0 0 0 0 0 0 
Total 12(31) 11(20) 10(29) 8(21) _ 8(18) 8(15) 10(V) 0 6(6) 6(20) 
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The result of the analysis of the NISTEP curriculum for the provision for 
integration as 'processes of enquiry' in which ten (10) process skills were used as criteria 
for the analysis, shows that , of the twenty one (21) themes, six did not show any 
provision for any of the 10 process skills examined, only eight (8) show reasonable 
provision for between 7-9 (70-90%) of the ten process skills. The rest of the themes show 
provision for only between 1-4 (10-40%) processes. 
As in the case of the JSS curriculum, the process skill, 'observing' shows the 
highest provision (about 60%) across the 21 themes followed by 'classifying', reporting' 
and ' experimenting' in that order. Others show decreasing representation of between 0 -
40%. The process 'using/making models' has been totally ignored in all the themes. 
With this result, the NISTEP curriculum could be rated also to contain reasonable 
provisions for the teaching and learning of process skills comparable to that in the JSS 
core-curriculum. 
Analysing the topics/contents of the twenty-one themes for the provision for the 
concept of integration as 'social relevance of science', the result (appendix Fii) shows that 
with the exception of the contents of themes 1, 5 and 20 which show low (less than 50%) 
provision for social relevance, all the other 18 themes show very high (between 65-100%) 
provision. Generally, the 109 topics under the 21 themes show that 79 (72%) of the topics 
(and contents) contained information considered important for the student's better 
understanding of science and its implication for himself, his home, his environment, his 
culture as well as his society and country. The NISTEP curriculum, like the JSS 
curriculum shows a very high provision for integration as 'social relevance'. 
Tables 6.8(a&b) below give the picture of the analysis of the NISTEP curriculum 
for the provision for integration as 'interdisciplinary study' - the dimension Blum (1973) 
referred to as the 'scope: 
6.5.2.3 Disciplines/Fields of study contributing contents to the NISTEP curriculum: 
Table 6.8 (a) gives details of the 'scope' per theme while table 6.8(b) gives a summary of 
'scope' for the NISTEP curriculum. 
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Table 6.8 (a):Disciplines/Fields of study contributing contents to each of the 21 
themes of the NISTEP curriculum. 
THEME DISCIPLINES/FIELDS OF STUDY 
DRAWN UPON. 
PERCENTAGE CONTENT 
1 Mathematics for Science Mathematics 100 
Introduction to scientific methods. Biology 25 
Scientific skills 50 
Technological science 25 
Components of the environments. Biology 61 
Earth sciences 20 
Chemistry 09 
Agricultural science 06 
Health science 04 
Man and Energy Physics 73 
Biology 15 
Chemistry 09 
Earth science 03 
Nature of matter Chemistry 100 
Processes of Life Biology 88 
Chemistry 12 
Transport, Control, Skeletal system Biology 91 
and Development in Living things. Physics 03 
Chemistry 03 
Technological science 03 	 _ 
The Earth and the moon Earth science 100 
Man in the environment Biology 75 
Technological science 25 
Statics and Dynamics Physics 100 
Energy and Particles Physics 83 
Chemistry 17 
Metals Physics 90 
Chemistry 10 	
_ 
The Earth in the universe Earth science 50 
Technological science 25 
Physics 25 
Fundamentals of living things. Biology 75 
Health science 25 
Reproduction and Growth Biology 100 
Carbon compounds Chemistry 100 	
- 
Global Ecology Technological science 72 
Biology 14 
Agric. science 09 
Chemistry 05 
Environmental pollution Biology 50 
Health sciences 25 
Technological science 13 
Earth sciences 12 
Science and Society Technological science 100 
Chemical Energetics Chemistry 83 
Biology 17 
Fields and waves Physics 100 
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6% 
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Earth science 
8% 
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24% 
Table 6.8(b): Scope of integration in NISTEP curriculum 
SCOPE (Range of disciplines and fields of study drawn upon). Number of topics/sub-topics  
39 
Percentage  
27.1 .13k):1, 
TEEFT-nistry 34 24.0 
Physics 28 19.4 
Technological sciences (incl. environmental 
sc) 
13 9.() 
Earth sciences (geography, geology, astronomy) 12 8.0 
Mathematics 08 5.6 
Health science 05 .3.5 
Scientificc3017----  03 2.0 
Agricultural science 02 
TOTAL 144 -100.00 
Figure. 6.2: Scope of integration in NISTEP curriculum. 
The analysis of the NISTEP curriculum (tables 6.8 a&b) for the disciplines and 
fields of study drawn upon has revealed that although themes are used as the fulcrum for 
the integration, most of the themes do not reflect interdisciplinary coverage but limit 
themselves to the traditional subject boundaries from which theme was taken. It was 
therefore no surprise that the analysis (table 6.8a) has revealed that themes 1, 5, 7, 8, 10, 
12, 15, 16, 19 and 21 have all their contents reflecting no interdisciplinary integration but 
are reflecting contents purely drawn from single disciplines. Hence these themes show 
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their contents to have been drawn purely from mathematics, chemistry, biology, earth 
science, physics, chemistry, biology, chemistry and physics respectively. 
Even themes that appear to have drawn upon more than one discipline in building 
its contents, tend to draw more heavily on one of the disciplines leaving the others quite 
insignificant in their contributed contents. For instance theme 4 (Man and Energy) show 
evidence of drawing its contents from physics, chemistry, biology and earth sciences but 
the contribution of contents to the theme shows that it drew its contents heavily from 
physics (73%) while the other three contributed 9, 15, and 3 percentages respectively. 
Other themes appearing in this way include those of 6, 9, 11, 14, 17 and 20. In fact 
merely by looking at the themes, it is easy to say from which disciplines it has been taken 
and one can equally guess what the contents under it would look like. For instance, it will 
not be difficult to tell at a glance that theme 10, 'Statics and Dynamics' is a topic taken 
from physics and the contents that will be under it is likely to reflect all or largely 
physics and so also theme 14, 'fundamentals of living things' gives you a bright clue that 
all that would be there is biological. 
With this characteristic of the NISTEP integrated science curriculum which has 
been organised around headings (themes) taken from different science disciplines, it fits 
Blum's category of a "Combined Curriculum", which he defines as 'a science programme 
in which the units or chapters are organised around headings taken from different 
disciplines'. The teacher has to do the integrating . 
Table 6.8b and figure 6.2 present a summary of the disciplines and fields of study (scope) 
from which subject matter have been drawn upon to build up the entire NISTEP 
curriculum. It has drawn its contents from nine (9) disciplines/fields of study; the highest 
contents from biology (27%), chemistry(24%), Physics (19%) and the remaining six 
disciplines share 30%. 
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6.6 THE UNIVERSITY DEGREE PROGRAMMES FOR TEACHERS OF 
INTEGRATED SCIENCE. 
The two universities chosen for this study offer degree courses for teachers of 
integrated science. Both courses have the general aims of training integrated science 
teachers for the Junior secondary schools. 
(i). UNIVERSITY G. 
The curriculum document (Appendix I) of this university states that the primary 
motivation for the university evolving a training programme for teachers of integrated 
science was the "lack of truly integrated science specialists to teach the programme in 
schools" (M.L.Ango, 1991). This situation, the document further stressed, was aggravated 
with the introduction of the new 6-3-3-4 system of education in the country, and 
integrated science, besides extending it to the primary schools, was made a compulsory 
core subject in the 3-year junior secondary schools in the country. This curriculum 
document, believes that there are numerous problems and challenges in aspects such as 
'concept of integration', 'course structure and scope', attitudes to the programme and 
resources for teaching the course which must be solved to make the teaching of integrated 
science effective and goal oriented. The document further states: 
there is no doubt that the 6-3-3-4 system would suffer much set back if 
deliberate and concerted efforts are not geared towards production of the needed 
professional power in both quantity and quality to effectively implement it....the 
university of 'G', faculties of education, natural sciences and geography 
department have evolved a new programme for training professional integrated 
science teachers for the Junior Secondary school level. 
6.6.1 The Integrated Science Teacher Training Course Structure of University G 
The curriculum document (appendix I) states that the integrated science 
curriculum and teaching syllabus for the degree programme of the university has been 
drawn from a careful consideration of the syllabi of all the departments of Science and 
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Environmental sciences of the university. These include the departments of botany, 
zoology, chemistry, physics, geography, geology & mining, mathematics and the 
remedial science. Other integrated science curricula the document claimed to have 
consulted also, are those of the Junior Secondary School, Nigerian Certificate of 
Education (NCE) and its counterpart degree programme of University H. The science 
staff of the faculties of Education and Natural sciences of the University put together the 
curriculum and the teaching syllabus. A modular approach is said to have been used for 
the course structuring and organisation. The document describes the course structuring 
and organisation in the following except: 
- a careful selection and determination of concepts, ideas, themes, skills and 
attitudes that are interrelative in the basic science disciplines as well as applicative 
for interdisciplinary understanding, nature study and solution of problems. 
Courses derived in this way are coded "integrated science". 
- carefully selected set of ideas, concepts and principles that are basic vital 
informations and foundations for higher sciences and scientific professions. These 
courses reflect the basic vital knowledge of life part of nature as exemplified in 
botany & zoology courses; matter or non-living components of nature as 
exemplified in chemistry, geography, geosciences and physics; the physical 
factors or forces influencing life and matter as matter and energy exemplified in 
physics, geography and chemistry. These courses are to be taught by specialists 
from the respective science disciplines. 
- the course structure takes two facets: 
• an integrated approach aimed at reflecting science as unity but as also 
several alternatives to problem solving; 
• the second facet presents the pure content (concepts) of science so that the 
teachers would acquire adequate knowledge on the content of science and the 
method of teaching the integrated science course. 
The document presented the model diagram in Figure 6.3 as depicting the nature of 
integrated science degree programme of the university. The curriculum claimed to be 
modular in approach and have been built around the concepts of LIFE, MA'K'ER, and 
ENERGY. Even with this claim of integration under the themes of Life, matter and 
energy, there are no evidences of the melding of a wide spectrum of many sciences or 
otherwise under them, rather each theme maintained the strong traditional subject 
boundaries. Hence, the theme of 'Life' show a strong collection of subject matter from the 
biological sciences whereas the themes of 'matter and energy' maintained subject matter 
from the physical sciences, most particularly chemistry and physics. 
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Complete integration 
(integrated Sc. Courses) 
Biochemical 
interface 
Ceochemica) interface 
Figure 6.3: Model diagram for Integrated Science Programme in University a 
(ii). UNIVERSITY It 
The curriculum document (Appendix J) of this university states that the degree 
programme in integrated science trains teachers for integrated science for the Junior 
Secondary School, and an interview with the course coordinator revealed that the degree 
programme was a direct offshoot of the Nigeria Integrated Science Teacher Education 
Project (NISTEP) based also in the institution. The NISTEP has the objective of training 
teacher trainers for integrated science in Nigeria (see section 6.5.1, page 133 ). The details 
of the curriculum document for the university's degree programme in integrated science is 
in appendix J. The curriculum document, however, did not lay claim to any model of 
curriculum approach in its development. What this research saw about the pattern of this 
curriculum is discussed in section 6.7 below. 
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6.7 SCOPE AND INTENSITY OF INTEGRATION IN THE DEGREE 
CURRICULA FOR THE TWO UNIVERSITIES (G & H). 
The degree curricula for the universities, unlike the spiral curricula (with thematic 
approaches) for the Junior Secondary School and the Colleges of Education (NISTEP), 
did not attempt to blend the separate disciplines in the curriculum. With the exception of 
showing integration in terms of 'interdisciplinary study', and 'the social relevance of 
science' there are very few strong evidences for integration in terms of 'unity of all 
knowledge', 'the conceptual unity of sciences' and 'unified process of scientific enquiry'. 
These were rather given methodological and pedagogical treatments in education . 
The scope of integration in both curricula showed a wide choice of disciplines 
from which contents have been put together to form the integrate science curriculum. 
Further details are shown in figures 6.4 and 6.5 below. 
Table 6.9: Scope of integration in the Integrated Science curriculum for university 
G. 
SCOPE I 	 TOTAL CREDIT UNITS*  I PERCENTAGE CREDITS 
SCIENCE DISCIPLINES 
1. BIOLOGY 18 (6) 16 
2. CHEMISTRY 15 (5) 13 
3. PHYSICS 12 (4) 10 
4. MATHEMATICS 6 (2) 5 
5. GEOGRAPHY 6 (3) 5 
6.INTEGRAMD SCIENCE (EDSE) 17 (8) 15 
7. GEOLOGY 4 (2) 3 
EDUCATION COURSES 
8. SCIENCE PEDAGOGIES 6 (3) 5 
9. FOUNDATIONAL COURSES 20 (10) 17 
10. CURRICULUM COURSES 12 (6) 10 
TOTAL CREDITS/COURSES 116 100 
(Figures in brackets are the total number of courses) 
NB: Integrated Science in this context refers to courses whose contents are interdisciplinary (two or 
more disciplines), see courses coded IS or EDSE in appendix I or J respectively. 
Science Pedagogies includes courses on methodology, skills development and philosophy of 
integrated science. 
Educational Foundation & Curriculum are the general foundational and curriculum courses 
in education. 
* A Credit Unit is defined as one hour of lecture/tutorial time per week for fifteen weeks (one semester), or 
three hours of laboratory work per week for one semester. 
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Table 6.10: Scope of integration in the Integrated science curriculum for university 
H. 
SCOPE 	 I TOTAL CREDITS/COURSES I PERCENTAGE CREDITS 
SCIENCE DISCIPLINES 
1. BIOLOGY 25(13) 20 
2. CHEMISTRY 17(9) 14 
3. PHYSICS 12(7) 10 
4. MATHEMATICS 2(1) 2 
5. GEOGRAPHY 5(3) 4 
6.INTEGRATED SCIENCE (EDSE) 19(9) 15 
7. COMPUTER SCIENCE 2(1) 2 
EDUCATION COURSES 
8. SCIENCE PEDAGOGIES 12(6) 10 
9. FOUNDATIONAL COURSES 22(11) 18 
10. CURRICULUM COURSES 6(3) 	 5  
122 	 1 	 100 TOTAL CREDITS/COURSES 
(Figures in brackets are the total number of courses) 
NB: Integrated Science in this context refers to courses whose contents are interdisciplinary (two or 
more disciplines), see courses coded IS or EDSE in appendix I or J respectively. 
Science Pedagogies includes courses on methodology, skills development and philosophy of 
integrated science. 
Educational Foundation & Curriculum are the general foundational and curriculum courses 
in education. 
Tables 6.4 and 6.5 show that both universities drew their content materials for 
their integrated science curricula from a wide range of science disciplines. The 
contributing disciplines, almost identical for both universities, have 67% credit units 
drawn from the scientific disciplines and 33% from education. As for the intensity of 
integration, that is, the degree to which the subject matter of separate disciplines are 
blended in the curriculum, it is easily identifiable that only about 20% of the science 
courses show evidence of attempts at true integration in the curriculum. Such courses are 
coded 'integrated science' (IS) or 'science education' (EDSE) -see appendix I & J. About 
80% of the courses clearly show the separate units of the disciplines such that the subject 
matter of either biology, physics or chemistry can still be identified. Such courses have 
been so identified by their disciplines and coded as such e.g. PHY, BIO or CHEM etc. 
Hence by Blum's (1973) levels of intensity of integration, both universities' curricula best 
fitted the description of 'coordinated' curricula (see section 4.2.2, pages 77-78). 
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From interviews with the course coordinators in the different universities, it was 
gathered that the science courses were being delivered by the science departments while 
the education departments were responsible only for the education courses. Although the 
general coordination duty for the integrated science training lies with the education 
departments they seem to have little control on what go on in the science departments. 
For instance, when a request was made by the researcher for the details of the teaching 
curriculum showing itemised details of the experiences the integrated science student 
teachers go through in each course, such details on the science courses were not available 
with the coordinator of one the universities. The reason being that such details for the 
science courses have not been made available by the responsible science departments. 
This therefore made it impossible to see the actual detailed contents of the science 
courses being taught as the integrated science programme in that particular university. 
This phenomenon may have a negative implication for the training programme and the 
students. There is likely to be no consistency in the delivery of the courses as well as the 
student experiencing too little or too much in terms of the relevance and depth of content 
coverage. Perhaps, it is with this fear in mind that the 1978 Nijmegen conference made 
the assertion that traditional university courses produce 'disintegrated' scientists (Cingel 
and Yoong, 1979), that is, people who perceive the parts but not the whole. The 
conference believed that prospective teachers of integrated science in pre-service training 
should receive training in the basic concepts, models and processes of the various 
disciplines. It was, therefore felt that professional scientists may not be "suitably adapted 
to train teachers of integrated science" (Cingel and Yoong Op cit). 
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CHAPTER 7 
METHODOLOGY OF DATA COLLECTION. 
The reviews of the meaning of integrated science (chapter 3), the model for its curriculum 
(chapter 4), the competencies expected of an integrated science teacher (chapter 5) and 
the analysis of the integrated science curricula in chapter 6 provided the background 
understanding and the theoretical framework for the field study. It was particularly useful 
in the design of the tool for data collection and analysis. 
This chapter tells the story of the research design and the data collection procedure. 
It covers the method of data collection, the research population/sample, the data 
collection instruments used and the description/justification for the data analysis 
procedures adopted. 
The purpose of the research is to explore the strategies being used in training 
teachers of integrated science in Nigeria, with the aim to: 
i. Gain information about the course structure; 
ii. Find out participants views of the training; 
iii. See how the course aims match the delivery and compare with students 
perception; and 
iv. Gain understanding of teachers, students and trainers views of integrated 
science as a school subject. 
The field exercise employed the questionnaire as the major tool for data collection. 
Interviews were also conducted with some of the respondents. Data was obtain only from 
institutions involved with teacher training for integrated science teaching. Restrictions of 
time and finance, exacerbated by political and social unrest in the country meant that 
samples from universities, colleges and schools only from the northern block of the 
country were possible. Details of sample universities and the affiliate colleges of 
education which are involved with teacher training for integrated science teaching are 
carried in table 7.1. 
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The main questions of the study includes: 
(a) What are the main characteristics features of the integrated science teacher 
training programmes in the teacher training institutions in Nigeria; 
(b) What are the integration patterns portrayed in the teacher training curricula and 
the junior secondary school curriculum; is there any relationship? 
(c) How is the concept of 'integrated science' understood by all participants, that is, 
the classroom teachers, students teachers and the teacher trainers? 
(d) How do the same participants perceive ways integrated science might be 
effectively taught and learnt in schools? 
(e) How do these participants see their training programme in terms of relevance 
and usefulness in meeting the needs of integrated science teaching in schools in 
Nigeria? 
7.1 STUDY TRAVEL 
The data collection was undertaken in Nigeria between November, 1992 - April 
1993. The data collection period was jeopardised by a series of interruptions caused by 
some political crisis and unrest in the country causing inevitable disruption to the 
educational system and civil service. Initially, when the researcher had fully concluded 
plans to leave United Kingdom to Nigeria for the field work in July, 1992, the plan had to 
be delayed until November (almost four months later). This was because, by July 1992, 
all higher institutions (universities/colleges)in Nigeria had been closed down when the 
lecturers embarked on a national strike. They were protesting against the prevailing poor 
learning condition as well as the unfavourable conditions of service in the universities 
and other institutions of learning in the country. 
The field work journey to Nigeria was finally made in November, 1992 when the 
strike action was suspended by the lecturers. 
While in Nigeria beginning data collection, first from the universities and their 
affiliate colleges of education, the primary and secondary school teachers went on strike. 
They were also demanding improvement in their condition of service similar to that 
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agreed for the higher education institutions. The researcher was again trapped in this 
crisis posing another obstruction to obtaining data from practising teachers of integrated 
science in the secondary schools in Plateau state. This strike came shortly before the 
Christmas break and continued afterwards. The whole States civil service in the country 
then joined the secondary and primary schools teachers demanding a review of their 
salary. Work in the country was generally paralysed both in the offices and schools and 
travel and communication seriously hampered. 
In the midst of this seeming confusion, data were being collected at the higher 
education institutions as they were less affected by this present strike. Consequent upon 
this seeming crisis in the country, coupled with time and financial constraints , data 
collection was restricted to the following Northern universities (and their affiliate 
Colleges of Education) known to be principally involved with the training of teachers for 
integrated science teaching in the country. 
Table 7.1- Sample Universities and Colleges 
UNIVERSITY AFFILIATE COLLEGES LOCATION 
University of Jos (Plateau State) 
1. Federal 	 College 	 of Education, 
Pankshin. 
2. College of Education, Katsina Ala. 
3. College of Education, Akwanga. 
Plateau State. 
Benue State. 
Plateau State. 
Ahmadu Bello University, Zaria 
(Kaduna State) 
1. Federal College of Education, Zaria. 
2. College of Education, Gindiri. 
3. College of Education, Ankpa. 
Kaduna State. 
Plateau State. 
Kogi State. 
By mid February, 1993 data collection from the universities and their affiliate 
colleges had been completed except for those whose students were out on a three months 
(12 weeks) teaching practice. 
At this time the primary and secondary school teachers were still on strike i.e. not in 
school. I could not wait until the strike was over and so went ahead meeting my 
respondents (teachers) in their residences at school accommodation or privately. This was 
not an easy process, it was slow, time consuming, costly and indeed frustrating. 
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Nevertheless, the respondents reception and responses to my mission were quite 
encouraging. 
The data collection from the secondary schools was about half way through when 
the strike was eventually called off. This was by the first week of March, 1993. This 
resumption was important to me as the data collection process became much quicker and 
easier than it has been. I did in fact obtain the rest of my data from my secondary school 
respondents with a lot of ease as they were met more readily in their school grounds, 
administered the questionnaires and had them back almost immediately. By mid April, 
193 data collection from the secondary schools had been completed. I had to leave Nigeria 
for the United Kingdom at the end of April so as not to exceed the six months leave 
permitted for my field work. As a result of the unavoidable time constraint, the 
questionnaire administration to some of the student respondents who could not be 
reached because of their teaching practice engagements, were not carried out by the 
researcher. The remaining responsibility was ably carried out by a colleague from the 
University of Jos. There was every confidence that he did a good job in the handling of 
these questionnaires having assisted the researcher with the data collection prior to taking 
up this latter responsibility. 
7.2 POPULATION AND SAMPLE. 
The research population is made up of integrated science teacher trainers, course co-
ordinators and the trainees (both full and part time) in Nigerian Universities and Colleges 
of Education where certificate programmes are being run for integrated science teacher 
education. Practising teachers of integrated science in secondary schools in Plateau State 
also constituted part of the research population. 
In choosing the research sample and determining the manner in which the sample 
was drawn, two factors were influential. First, that the institution has been running a 
training programme for teachers of integrated science (degree or non-degree, full or part 
time) for at least five consecutive years. Second, the limitation of time and finance which 
was exclusively responsible for limiting the field work data collection to the Northern 
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part of Nigeria. While the university of Jos is located in the middle belt of Nigeria, 
Ahmadu Bello University, Zaria is in the far North of the country. Similarly their affiliate 
colleges of education are spread within the middle belt and far North of the country. 
The sample population of respondents included the integrated science course co-
ordinators in the different institutions, the teacher trainers, student teachers (only the final 
year) and the practising teachers in secondary schools. The selection of sample schools 
from which the practising teachers were obtained was done by a method similar to that of 
stratified random sampling. However, in this case, the schools were first of all sorted into 
three categories: Government, Voluntary Agency and Private Schools. The random 
selection of the sample schools then proceeded based upon this grouping relative to their 
numerical ratios to one another; and on consideration of other such significant variables 
as, whether the school is co-educational or single sex, special science school or 
comprehensive, urban, sub-urban or rural in location. The accessibility of a school by 
road suitable for cars was also an important factor. 
The tables 7.2 - 7.4 below gives details of the sample of universities, their affiliate 
colleges of education and the secondary schools, including the number of respondents 
and questionnaire return rate. 
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Table 7.2 - Sample of Integrated Science Student Teachers 
NAME OF TRAINING INSTITUTION No. of Student teachers Questionnaire return rate 
A 10 09 (90) 
B 15 15 (100) 
C 26 22 (85) 
D 20 16 (80) 
E 39 34 (87) 
F 23 19 (83) 
G 23 20 (87) 
H 16 09 (56) 
TOTAL 172 144 (84) 
Table 73 - Sample of Teacher Trainers in Universities and Colleges 
NAME OF TRAINING INSTITUTION No. of Teacher Trainers Questionnaire return rate 
A 12 10 (83) 
B 10 10 (100) 
C 06 06 (100) 
D 10 09 (90) 
E 04 04 (100) 
F 07 05 (71) 
G 15 10 (67) 
H 08 06 (75) 
TOTAL 72 60 (83) 
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Table 7.4 - Sample of Integrated Science Practising Teachers. 
SCHOOL TYPE OF SCHOOL/LOCATION IS.Trs. RESPONSES 
A State Govt (Mixed) - Rural 2 2 
B Fed. Govt (single-girls) - Sub-urban 2 1 
C State Govt (Mixed) - Rural 2 2 
D Federal Govt (Mixed) - Urban 2 2 
E State Govt (Mixed) - Urban 2 2 
F Voluntary Agency(Mixed) - Rural 2 2 
G Volunt. Agency(Mixed) - Rural 2 2 
H State Govt (Mixed) - Sub-urban 2 1 
I State Govt(Single-boys) - Sub-urban 3 3 
J Private (Mixed) - Rural 2 2 
K State Govt (Mixed) - Urban 2 1 
L State Govt (Mixed) - Rural 3 3 
M V/Agency(Single-girls) - Rural 2 1 
N V/Agency(Single-boys) - Rural 2 2 
0 V/Agency (Mixed) - Sub-urban 2 2 
P State Govt (Mixed) - Urban 2 2 
Q State Govt (Mixed) - Sub-urban 2 2 
R State Govt(Single-boys) - Sub-urban 5 5 
S State Govt (Mixed) - Sub-urban 2 1 
T State Govt (Mixed) - Rural 3 2 
U Private (Mixed) - sub-urban 2 2 
V State Govt (Mixed) - Sub-urban 2 2 
W State Govt (Mixed) - Sub-urban 2 1 
X State Govt(Single-girls) - Sub-urban 4 4 
Y Voluntary Agency(Mixed) - Urban 3 3 
TOTAL 59 52 
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7.3 REPRESENTATIVENESS OF SAMPLE 
It is probably fair to state here again that the limitation of time and finance 
exacerbated by the political and social unrest largely influenced the data collection 
Iexercise, affecting particularly the numbers and type of i itutions visited. Consequently, 
for the purpose of the data collection, the traditional division of the country into North 
and South was used. Data was obtained only from Northern Nigeria. Notwithstanding this 
difficulty, the samples of institutions and respondents were representative of the 
population from which they were drawn. Although there are over twenty universities in 
the country, only about ten (10) are known to be involved with teacher training in 
integrated science. However, only five of this number were known to have relatively 
older reputations of running the integrated science teacher training courses. These 
includes the Ahmadu Bello University, Zaria, University of Jos, University of Ilorin (all 
from the North), University of Nigeria, Nsukka and the Lagos State University (from the 
South). All except the Lagos State University are Federal Government owned 
universities. In terms of establishment, the Ahmadu Bello University, Zaria (North) and 
University of Nigeria, Nsukka (South) are first generation universities (1960s), while 
those of Jos and Ilorin (both North) are second generation (1970s) and Lagos State 
University is of the third generation (1980s). 
The choice of Ahmadu Bello University, Zaria and the University of Jos and their 
affiliate colleges of education as the sample universities from which data were collected 
can be justified to be a fair representation of the others for the following points of view 
(representativeness here is defined in the context of the universities involved with teacher 
training in integrated science in the country) :- 
(a) Admissions into all universities in Nigeria is controlled by a central board 
(Joint Admission and Matriculation Board). The admission policy, besides the basic 
qualification of the candidates, also reflects strongly on the federal character, that is, 
reflecting upon the geo-political, ethnic and religious diversity in the country. Thus the 
students in these two universities are fairly representative. 
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(b) All universities in the country are under the management of a board - the 
National University Commission (NUC). The commission is responsible for the 
formulation of policies for running the universities and provide the curriculum for 
minimum standards in all courses in the universities. Hence, the design of the integrated 
science curriculum for teacher training, both in content and practice, in the University of 
Jos and ABU, Zaria were expected to reflect a fair representation of those of Ilorin, 
Nsukka and Lagos universities. 
(c). The two universities, (ABU, Zaria and UniJos), are not only representative but 
are also suitable choice for this research having pioneered teacher training in integrated 
science in the country. ABU in particular hosts a pioneering project, the Nigerian 
Integrated Science Teacher Education Project (NISTEP). Being relatively older and 
experienced in running the teacher training programme in integrated science, the two 
universities have higher students population for the course and enjoy wide patronage in 
student admission across the country for the integrated science teacher training course. 
Although the sampling from a population has a disadvantage that not every one in 
the population has a chance of being included in the sample which in the end may reflect 
only the views of those chosen, nonetheless, it has the advantage that each constituency is 
generally represented in the sample. Ross, (1978) and Bailey, (1982) see the advantage of 
using samples of a population as reducing costs, offering greater accuracy due to closer 
supervision of data gathering procedure, and greater speed in data collection and analysis. 
Fox, (1969) maintains that the sample size is far less important than sample 
representative and that no data are sounder than the representatives of sample from which 
they were obtained, no matter how large the sample. 
7.4 METHODS OF DATA COLLECTION. 
In a survey such as this, where a diversity of information is sought, a battery of 
instruments is needed so that each should supplement the other in order to generate more 
adequate and meaningful data. Lin, (1978) believes that, to obtain precise and 
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generalizable data, the 'multi-method' approach to data collection is most desirable 
because the more the multi-method differ, the more the confidence a researcher has in 
the found relationship. Although Lin's position here might be referring to the application 
of different methods on any one group of respondents in an attempt to find a solution to a 
problem, this study on the other hand has applied a common method to different groups 
of respondents whose opinions were being sought towards a solution to a problem. The 
different instruments, though with a common structure, administered to the different 
groups of respondents has the same target of collecting their various perspectives on the 
problem. 
The following questionnaires designed with a common structure and an interview method 
were employed for the collection of data: 
(1). Integrated Science Course Co-ordinators Questionnaire. 
(2). Teacher Trainers Questionnaire. 
(3). Student Teachers Questionnaire. 
(4). Practising Teachers Questionnaire. 
(5). Interviews (mainly with Course Co-ordinators). 
Besides responding to the questionnaire, all the course co-ordinators in the universities 
and colleges visited were interviewed. The interview was considered most appropriate 
and convenient for use because of their relatively small number(one per institution) and 
only a detailed and close interaction at that level would bring out their views more clearly 
about the kind of information being sought. Interviews with student teachers and 
practising teachers in secondary schools were also carried out after the questionnaire 
administration. The interview was conducted randomly on the students and teachers using 
questions similar to those on the questionnaire. The aim here was to establish if there is 
any consistency between what they said and their questionnaire responses. This procedure 
gave me confidence and reliance on the data collected through the questionnaire; the 
interview were consistent with the responses from the questionnaire. Further clarification 
of the students' responses were sought by interviewing the candidates. In other words the 
survey is to some extent validated by the interview where answers are checked and 
reasons for the answers emerge. However, both the questionnaire and the interview are 
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known to have disadvantages. A questionnaire, for example, can be rigid and inflexible. 
Respondents often tend to give responses which they perceive to be socially acceptable. 
In addition, there is always the probability of extreme biases emerging with the 
respondents who might avoid answering some questions fearing at times the repercussion 
of any criticism made by them. The interview method, on the other hand, has the 
disadvantage of biased responses that could result from the interviewer's personal 
characteristics(e.g. facial expression), his form of references and type of leading 
questions he/she adopts. Nonetheless, the interview method has the advantage of being 
flexible and suitable for deeper probing of issues involved in a survey. For example, if a 
question is not clear, it can be rephrased. Besides, an interviewer can observe both what 
the respondent says and how it is said, as well as probing for additional information if the 
need arises. The disadvantages of the use of questionnaires and interviews not 
withstanding, Dunham and Smith, (1979) stressed the need to combine both tools in data 
collection when they wrote: 
"the unique strengths and weaknesses of both interview and 
questionnaires suggest that a combination of the two techniques 
provides the most effective organisational survey programme". 
It is due to the wisdom implied in this recommendation that interviews and questionnaire 
were used simultaneously in this research. 
The survey method was considered suitable for this study because it enables one 
to collect data from a sample and more so that it is possible to generalise from the results 
of a sample to the population from which it is drawn(Ndagi, 1984). A survey method, 
which is a type of descriptive study, is primarily concerned with portraying a status-quo 
of the phenomenon or problem being researched into; describing currently existing 
conditions and opinions held. Cohen and Marion, (1985) seems to support this point 
when they gave various purposes of survey as: 
(i). Describing the nature of existing conditions; 
(ii). Identifying standards against which existing conditions can be compared; 
Determining the relationship that exists between the specific events. 
Hence, the survey method was considered most suitable for a study of this type. 
161 
7.5 INSTRUMENTATION 
As noted above, the research tools for collecting data in this study were the 
questionnaires and interviews. The questionnaires were the principal instruments. 
Due to the fact that no study of this nature has been undertaken, no standardised 
instruments existed that could have been adopted for use in the work. Consequently, the 
research instruments used for data collection were all novel and designed by the 
researcher. However, two steps were taken in order to validate the instruments; first, they 
were given to some Nigerian science education experts who were also experienced 
science teacher educators. They were on short term post-doctoral fellowship programmes 
at King's College, University of London and one other on a special Educational 
assignment with the Commonwealth Secretariat in London. A pilot study and validation 
of the Teacher Trainers Questionnaire and the Student Teachers Questionnaire were 
carried out by a team of 20 Nigerian integrated science teacher trainers at King's College. 
These teacher trainers had been selected from different Colleges of Education in Nigeria 
and brought to King's College for a three months training for integrated science teaching 
under the Nigerian Integrated Science Teacher Education Programme (NISTEP). This 
team being similar to the actual research population, it was thought to be most 
appropriate and suitable not only for the validation exercise but served also for a pilot 
study using the Teacher Trainers Questionnaire. 
7.6 PILOT STUDY 
Arrangement for the pilot study with the team of Nigerian science educators was 
made with the Centre for Educational studies, King's College, University of London 
where they were undergoing an integrated science course. The pilot exercise served the 
purpose of validating both the questionnaires for the teacher trainers and the student 
teachers. 
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7.6.1 Questionnaire administration: 
Because of the tight nature of the training course time table at King's College, an 
inadequate amount of time was available to allow the teachers complete the 
questionnaires as well as hold a discussion immediately after the exercise. Consequently, 
with the assistance of their course co-ordinator, the questionnaires were filled in advance 
fixed 
and time w for the return of the completed questionnaires and for discussion of their 
experiences with and response to the questionnaire. The instructions which accompanied 
the questionnaire requested the respondents to advibe the author on the following aspects 
of the questionnaire:- 
1. Length of questionnaire; 
2. Ambiguity or clarity of questions; 
3. Suitability of questions for teacher trainers in Nigerian colleges and 
universities; 
4. Omissions; and 
5. Any other relevant suggestions. 
(See Appendix A for details of accompanying instructions). 
The discussion session proved quite useful in identifying issues of ambiguity, 
clarity of statements and omissions. For instance, certain status/ranks (principal lecturer 
and lecturer III) peculiar to the colleges of education were omitted in item 5 of the 
questionnaire and the correction was done appropriately. Secondly they also suggested 
that the subject 'Nature Study', a form of integrated science studied at the primary school 
level, be included among the options listed for question 6. Unfortunately the inclusion of 
the primary level 'nature study' would be out of place in this question. The intention of 
the question was to collect data on the form of integrated science studied by the 
respondents at the post primary stage. Hence the original question 6 which read: 
"Which of these subjects were you taught while at school?", 
was modified to read: 
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"Which of these subjects were you taught during your post primary 
education?". 
Elements of ambiguity and unclear statements were also observed. For instance, 
the instructions given for items 17-32. The instruction which initially reads: 
Please read through each statement carefully and tick the 
most appropriate response to show your perception of 
integrated science as well as showing the importance you 
attached to the item for inclusion in the curriculum for 
integrated science teacher education programme, 
was modified to read: ' 
Please read through each statement carefully and tick the 
most appropriate response to show the importance you 
attached to it as being an essential feature of integrated 
science and therefore to be included in the curriculum for 
integrated science teacher education. 
Some of the questionnaire items that were initially seen as unclear, were however 
left unchanged when explanations were given of such statements. Item 32 is one example 
that became clear on explanation. Having to give explanation on some items of the 
questionnaire to help make respondents make sense of it 9 	 makes a strong case for 
personal administration of the questionnaire in order to achieve a good response. 
Although twenty (20) questionnaires were administered to the pilot group, only 
seventeen (17) were returned. This group, drawn from seven colleges of education were 
made up of 14 male trainers and only 3 female trainers. All were university graduates of 
science and science-related disciplines. None of them held any prior qualification in 
integrated science. Table 6.5 below gives details of the respondents. 
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Table 7.5 - Pilot Group 
TEACHER SEX NAME OF INSTITUTION IN NIGERIA STATE 
PS/TT-10 M 
M 
Federal College of Education, Yola  
College of Education, Hong 
Adamawa state  
Adamawa state PS/TT-17 
PS/TT-2 M College of Education, Gumel Jigawa state 
PS/IT-14 M College of Education, Gumel Jigawa state_ 
PS/TT-3 M College of Education(Technical), Dutsin-ma Katsina state 
PS/TT-12 M College of Education(Technical), Dutsin-ma Katsina state 
PS/TT-16 M College of Education(Technical), Dutsin-ma Katsina state 
PS/TT-8 F College of Education, Kano Kano state 
PS/TT-6 M College of Education, Kano Kano state 
PS/TT-15 F Federal College of Education, Kano Kano state 
PS/IT-7 M College of Education, Ankpa Kogi state 
PSTIT-1 M College of Education, Oro Kwara state 
PS/TT-9 M Federal College of Education, Kontagora Niger state 
PS/TT-5 M Federal College of Education, Kontagora Niger state 
PS/TT-13 M Federal College of Education, Kontagora Niger state 
PS/TT-4 F College of Education, Minna Niger state _ 
PS/TT-11 M College of Education, Gashua Yobe state 
7.7 THE QUESTIONNAIRES. 
The questionnaire designed by the researcher for the purpose of this study 
consisted of four types, namely: 
(1). Integrated science Course Co-ordinators Questionnaire. 
(2). Teacher Trainers Questionnaire. 
(3). Student Teachers Questionnaire 
(4). Practising Teachers Questionnaire. 
These questionnaires, with the exception for that of the Course Co-ordinators, 
have two main parts. The first part of each questionnaire was designed to elicit the 
respondents' biographical information such as their institution, sex, age, educational 
qualification, and experiences. These data obtained here were used to cross analyse the 
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key questions in the survey so allowing the researcher to have compared and contrasted 
the findings in different 'cells' of response. The second part, constituted mainly of the key 
questions, which sought to collect information on the respondents understanding and 
perception held about the meaning of integrated science and ways it can be taught in 
schools. The basic assumption underlying this second part was that unless the teacher 
trainers, student teachers and the practising teachers understand and hold the agreed 
perception of what integrated science is and why it is in the school curriculum, neither its 
teaching nor the teacher training programme can be handled meaningfully. For most of 
the item in this second part of the questionnaire, a five point response rating format of 
Likert(1932) is adopted. The five responses which the respondents checked includes: 
Highly Agree, Agree, Neutral, Disagree and Strongly Disagree, as contained in the 
Student teachers and Practising Teachers Questionnaires. The response scheme Highly 
Relevant, Relevant, Neutral, Unsuitable and Undecided, were built onto that of the 
Teacher Trainers Questionnaire (see Appendix C(i)-(iv) for details of questionnaires). 
NB: The response 'Neutral' is for items that whether included or not in the curriculum, 
makes no difference to integrated science teacher training while 'Undecided' means the 
status of the statement could not be decided. 
Some questions are open-ended, and were considered by the researcher as 
appropriate and suitable for obtaining what the respondents might view as appropriate 
answers (opportunity for self expression), and to allow the respondent to answer 
adequately, in detail and if possible, to qualify his/her answer. Though open-ended 
questions do have some disadvantages, such as difficulty in coding, nevertheless, 
Bradburn and Sudman, (1979) suggest that they are rather consistently superior to close-
ended questionnaires especially when threatening issues are being studied as they allow 
the respondent to express exactly what he/she wants. 
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7.7.1 The Integrated Science Course co-ordinators' Questionnaire. 
This was a questionnaire for Co-ordinators of the integrated science teacher training 
programme in the training institutions. The coordinators were the heads of the 
programmes in their institutions believed to be more familiar with the entire training 
curriculum - its nature and implementation. The questionnaire was designed to answer 
such questions as, "What is the nature of the training curriculum in terms of its 
composition (scope & intensity) and emphasis; how was the programme of the training 
being implemented and opinion on how relevant was the training programme to the task 
for which the teachers are being trained etc.". 
The 23 item questionnaire has 4 sections: Section A sought factual background 
information about the course; Section B sought information on the basic entry 
qualifications for the course; Section C sought information on the details of the contents 
of the curriculum and Section D looked for the rationale for the course (see Appendix 
C(i) for details). 
7.8 INTERVIEW 
The interview method as stated earlier was intended to supplement the 
questionnaires, probing more information or clarifying information from responses to the 
questionnaire items. The interview questions were more or less of a semi-structured form. 
The questions (Appendix D), were only designed as guides indicating areas of interest 
that are to be probed during the interviews. From these main question areas, smaller and 
precise questions were developed and used with respondents depending on needs and 
time availability. A written record was kept throughout the conduct of the interviews. 
While it was easier to interview all the course coordinators (1 per training 
institution) it was not possible to interview all other respondents in other groups because 
of large size. For the student teachers, between 4 to 8 were interviewed, the criterion 
being elements of consistency on their responses, such that the less consistent the 
responses appear to be, the more number of respondents were engaged. In the case of 
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practising teachers, one per school was interviewed out of a pair found in each sample 
school. 
7.9 QUESTIONNAIRE ADMINISTRATION. 
For the purpose of enhancing efficiency of measuring instruments, the researcher 
made letter contacts with the institutions(the authorities concern) visited well in advance. 
Borg and Gall, (1983), for example, has noted that contacting respondents before 
administering the test items, has been found in several studies to increase the response 
rate. The researcher administered most of the questionnaires personally and stayed with 
the respondents while they responded to them. Although there was the disadvantage of 
time consumption and increased expenditure when questionnair were administered 
personally and staying with the respondents while they complete them, nevertheless, by 
so doing, the following advantages arise: 
(i). It ensured that the questionnaire reached the respondents and on time. 
(ii). It gave very little opportunity for respondents to collude with each other and thereby 
'falsify' their responses. 
It produced a high percentage of questionnaire return rate. 
(iv). It gave an opportunity for the respondents to obtain clarification for questions about 
which they had doubts. 
7.10 DATA ANALYSIS PROCEDURES. 
The analyses procedures normally chosen for the analysing data from any study 
are influenced by two major factors: 
(i). The type of data obtained from research using specific tools, and 
(ii). The type of research questions being investigated. 
The questions asked in the questionnaires were mainly descriptive and associative 
statements. According to Dyer, (1979) the aim of descriptive questions is to identify the 
characteristics of an individual, a group, several sub-groups, a system or an object. 
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Associative questions, he continued, focus on the pattern of the degree of association or 
covariance between two or more variables. 
Descriptive and associative questions allow two main types of statistics to be 
used(descriptive and Inferential Statistics). Descriptive statistics in this case show the 
frequency distribution of subjects' responses on every item while inferential statistics 
provides an idea about whether the patterns described in the sample are likely to apply in 
the population from which they are drawn. 
Because of the type of information being sought and the nature of responses, the 
qualitative data analysis procedure was thought to be most suitable for analysing the data 
collected in the course of this research. The qualitative data analysis procedure is thought 
appropriate for use because the type of questions asked are those which sought the 
respondents' views, opinions and understanding about integrated science. In some 
instances, the respondents were asked to provide definite factual data with the aim (Df 
establishing a status-quo. It is therefore the opinion of the researcher that, data of this 
nature can best be made sense of through the qualitative interpretation. The use of charts, 
tables,percentages and the Systemic Network Analysis were found to be particularly 
useful and important in bringing out clearer pictures from the data. Bliss, J. et al, 1983, 
described the Systemic Network Analysis as concerned with reporting results in terms of 
relatively simple category scheme. It works with defined categories, but it attempts to 
elaborate those catories to the point where enough of the individual essence of data is 
preserved and represented. The strategy for elaborating categories uses a notation -
derived form systemic linguistics - which sets out category names in a way that shows 
their interdependencies. It generates network - like structures in which descriptive 
categories appear linked in a structure which shows, amongst other things, which 
categories belong within others, which are independent, and which are conditional on the 
choice of others. 
The total questionnaire return was 264, constituting of 144 from the student 
teacher, 52 from the practising teachers, 60 from the teacher trainers and 8 from the 
course co-ordinators. These responses together with those obtained through the interview 
have been analysed in chapters 8, 9, 10 and 11. 
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CHAPTER 8 
DATA ANALYSIS. 
This chapter together with chapters 9, 10 and 11 present the analyses of the data 
obtained by means of questionnaires and interviews from the integrated science course 
coordinators, practising teachers, student teachers and the teacher trainers. The, research 
was concerned with establishing the practices in pre-service teacher education for 
integrated science teaching in Nigerian schools, by revealing through the eyes of the 
participants the characteristics, quality and appropriateness of the training in fitting the 
teachers to their job of teaching integrated science. 
Specifically this study sought to determine:- 
(a) the characteristics of the preservice teacher training; 
(b) the relevance and usefulness of the teacher training programme to the students 
for their roles in schools, bearing in mind the background of the students 
entering the programme; 
(c) the concept of integration portrayed in both the integrated science core 
curriculum for the junior secondary school and the curricula for preservice 
teacher education. 
(d) the perception of "integration in science" in schools held by school teachers, 
student teachers and the teacher trainers; to compare and contrast their views. 
Data were sought to answer the following guiding questions: 
1. What are the main characteristic featureslof the integrated science teacher 
training programmes in the teacher training institutions in Nigeria? 
2. What is the integration pattern2 portrayed in the teacher training curricula and 
the junior secondary school curriculum; is there any relationship? 
1 Characteristic features: the total training experiences (contents, pedagogies etc.) of the integrated 
science student teachers in a training institution. 
2 Integration pattern : the range of disciplines and the manner in which the subject matter drawn from 
these disciplines have been arranged (integrated) in the curriculum. 
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3. How is the concept of 'integrated science' understood by all participants, i.e. the 
classroom teachers, student teachers and the teacher trainers. 
4. How do the same participants perceive ways integrated science might be 
effectively taught and learnt in schools? 
5. How do these participants see their training programme in terms of relevance 
and usefulness in meeting the needs of integrated science teaching in schools? 
8.1 CHARACTERISTIC FEATURES OF THE INTEGRATED SCIENCE 
TEACHER EDUCATION IN NIGERIA. 
The questionnaire and interview responses from the integrated science Course 
Coordinators in the sampled institutions for teacher training, provided the necessary data 
to address this issue. 
The Course Coordinators Questionnaire and the interview with them were 
intended to collect information on the nature of the integrated science teacher training 
programme in each institution. Details being sought included admission requirement, 
design of the course (curriculum), staffing and course delivery. Contrasting features of 
the training of single subject teachers in science we also sought. 
Furthermore, the analyses of the teacher training curricula for both the colleges of 
education and the universities in chapter six (pp135-150) provided additional information 
about the importance of different elements of that programme towards producing the 
integrated science teachers. 
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Table 8.1 SOME BASIC INFORMATION ABOUT THE TRAINING INSTITUTIONS. 
Institution Training and 
Certification 
* 
Entry Requirements. Number in 
training during 
1992/1993 
Number of 
graduates b/w 
1988 - 1992. 
Target 
destination for 
graduates. 
A NCE (both 
full and part 
minimum of five credits(in 
SSC/GCE), three of which 
Primary and 
Junior 
time 
training). 
must be in sciences. No 
interview in the process of 
selection. 
65 
(21 FT) 
(44 PT) 
11 Secondary 
B NCE (both Credit passes in bio, chem. Primary and 
full and part phy and a pass in maths. Oral 76 13 Junior 
time 
training). 
interviews testing general 
knowledge in science are 
used in final selection 
exercise. 
(36 FT) 
(40 PT) 
Secondary 
C NCE (both minimum of 3credits and 170 Primary and 
full and part 2passes with at least 2 credits 186 (88 - 04) Junior 
time in sciences from SSC, GCE, (82 FT) ('89 - 10) Secondary 
training). WASC* or Grade II. (104 PT) ('90 - 40) 
Interviews are used for fmal ('91 - 52) 
selection. ('92 - 64) 
D NCE (both Minimum of 2credit passes Junior 
full and part 
time 
training). 
in any two sciences and pass 
in English language and 
maths at SSC, GCE, or 
67 
(35 FT) 
(32 PT) 
08 Secondary. 
Grade II. No interview at any 
stage. 
E NCE (full In addition to passing an Primary and 
time training exam. set by the JAMB*, 93 79 Junior 
only). candidates must pass at (FT only) ('89 .15) Secondary 
credit level in at least two in ('90 = 24) 
the sciences. Passes in maths ('91 = 26) 
and English language are 
also require. 
('92 = 14) 
F NCE (full minimum of 3credits and Junior 
time training 
only). 
2passes with at least 2 credits 
in sciences from SSC, GCE, 
WASC or Grade II. 
32 
(FT only) 
09 Secondary. 
Interviews are used for fmal 
selection. 
G BSc Ed.(part 5 O/L credits in sciences Junior 
time including Maths and English 127 48 Secondary. 
training) language in addition to at (PT only) ('91 - 26) 
least two 'A' level passes ('92 - 22) 
(NCE or UMB*) in those 
sciences 
H BEd (both NCE in Integrated Science Junior 
full and part with at least 3 O/L credits in 87 30 Secondary & 
time sciences and English (FT - 45) ('91 - 14) College of 
training). _ Language. (PT - 42) ('92 - 16) Education. 
NCE - Nigeria Certificate of Education. 
JAMB - Joint Admission and Matriculation Examination. 
SSC - Senior School Certificate Examination. 
GCE - General Certificate of Education. 
WASC - West African School Certificate. 
IJMB - Interim Joint Examination Matriculation Board. 
Fr - Full Time. 
PT - Part Time. 
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Of the sample training Institutions (A-H) shown in the table above, six are 
colleges of education (A-F), three each affiliated to two universities (G and H). The 
graduates of the colleges of education are awarded the Nigerian Certificate of Education 
(NCE), the minimum qualification expected for the teaching profession in Nigeria for 
primary schools. 
In Table 8.1, column 6, it can be seen that the colleges of education and the 
universities both train their student teachers to qualify for teaching integrated science at 
the primary and junior secondary school levels (ages 6-12 and 12-14 respectively). 
Although the training at both the college and university levels are targeted primarily to 
teaching integrated science at the junior secondary school level, the Course Coordinators 
at the colleges also did indicate that their graduates will be capable of carrying out 
effective teaching of integrated science at the primary school level. On the other hand, the 
university graduates (those gaining BEd) are also expected to handle the training of 
integrated science teachers at the college of education level. It is disturbing that such 
ambitious expectations are held for the graduates of both colleges of education and the 
universities to cope with teaching at other levels for which their training does not 
specifically provide. This is particularly so when one considers the fact that not only do 
the syllabuses and school levels differ, the needs of the students also vary significantly 
with age. One wonders, therefore, how well prepared are these teachers?. The implication 
is that they might not even be well prepared for their primary role at the junior secondary 
school level. It is perhaps not surprising that researches into teachers' performance in the 
teaching of integrated science has poor levels of teaching. 
The data on the number of graduate teachers from the training institutions 
between 1988 and 1992 (column 5 of table 8.1) shows that four 4 of the six colleges of 
education had their first set of graduates by the 1991/92 academic session. The other two 
(C and E) have had five and four sets of graduates respectively between the 1988 and 
1992. The two universities (G and H) have had two sets each. 
Generally, for the five year period (1988-1992) examined by this study, a total of 
only 368 integrated science teachers have 
	 graduated from the six colleges and the 
two universities, an average of 60 graduates per institution for the 5 year duration. This 
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number is, in fact, quite low in the face of a very high demand for integrated science 
teachers. Similarly, the low out-put of integrated science teachers from the training 
institutions is indicative perhaps of the importance given to the integrated science 
enterprise by both the students and institutions in Nigeria. 
8.1.1 Selection of Candidates For Training. 
Table 8.1 (column 3) gives details of the entry requirement of each institution. 
For the colleges of education (A-F), the stated minimum admission requirement is 
that an applicant should possess credit passes in the basic sciences (biology, chemistry, 
physics) and also in mathematics and English Language. This is either obtained in the 
Senior School Certificate Examination (SSC), General Certificate of Education 
Examination (GCE), West African School Certificate Examination (WASC), or the Grade 
Two Teachers' Certificate Examination. These qualifications are said to be of equal 
status. 
For admission to university course, the applicants require same basic Ordinary 
Level background in the sciences as well as mathematics and English Language. The 
applicants, however, require principally, a minimum of two Advanced Level passes in the 
sciences, preferably with grades A, B, or C. These qualifications are obtained either at the 
Nigerian Certificate of Education examination, General Certificate of Education 
examination or from other recognised national or international examination boards. 
Selection and admission to the courses is largely by qualification and review of 
application form. Only three (B, C and F) of the six colleges of education use interview 
methods. Neither of the two universities interview their candidates. 
Considering the background of the candidates, as dictated by these admission 
standards, those entering the colleges of education possess a more uniform entry 
background than those for university. That is, all are admitted with a similar background 
in the 0/Level sciences and normally would not have had any initial teacher training 
for integrated science teaching. Most of these college candidates are practising primary 
school teachers. On the other hand, candidates admitted into the universities for degree 
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training for integrated science teaching have varied Advanced Level backgrounds. For 
instance, the two universities in the study, in particular, specified that the categories of 
students admitted for their programmes are, in addition to the basic qualification, holders 
of the Nigerian Certificate of Education (NCE) in integrated science or any two science 
subjects combination ( e.g. Chemistry/Biology; Physics/Chemistry; Mathematics/Physics 
etc.) and holders of other Advanced Level qualifications in a least two sciences from any 
recognised examination board ( e.g. A/Level GCE; IJMB etc.). The university candidates, 
however, are usually teachers who would have been teaching at the secondary school 
level. 
All the institutions offer both full-time and part time training for integrated 
science teaching except for the institutions E and F, which offer full time only; institution 
G has a part time programme only. While the full time training programmes at both the 
colleges of education and the universities last for a minimum of three academic sessions, 
the part time studies are spread over a period of five years with at least one contact 
session of 8-12 weeks in each academic year. 
From the information given on the entry background of candidates for training at 
the colleges of education, it is obvious that, as far as the teaching of integrated science is 
concerned, they go through a pre-service training (initial teacher training for integrated 
science). Although their counterparts admitted for the degree programme in the 
universities have varied entry background, there is no difference or variation in their 
training package. However, based on these differences on the student teachers' entry 
background and the mode of study (i.e. full or part time), this research, technically, 
recognises three categories of training in operation at the university levels: 
(i) Pre-Service Training - this relates to full time and part time students who are 
having initial teacher training for integrated science 
teaching. 
(ii) Further Training - 
	
	 this relates to full time students who have had pre- 
degree initial teacher training for integrated science 
teaching and now in the university for degree 
qualification. 
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(iii) In-service Training - this relates to part time students who have had pre-
degree initial teacher training for integrated science 
teaching and while remaining fully in the teaching 
service, attend summer break degree programme. It is 
further training on part time basis. 
8.1.2 Training Package For Teachers of Integrated Science. 
The questionnaire and interview with the Course Coordinators sought to collect 
information on what, in real terms, the integrated science teacher trainees for secondary 
go through, or are being exposed to, in the course of their training. 
Table 8.2 below is a summary of the curricular components of the integrated 
science course. The table shows details of:- 
1. the range of scientific disciplines and other scientific fields including 
mathematics, constituting the science component of the integrated science course; 
2. the relative distribution of credit units across the integrated science 
components. 
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Table 8.2: Components and distribution of credit units in the integrated science 
curricula. 
Institution Constituents of Int. Sc. course 
(Scientific disciplines/fields of 
study and Mathematics) 
Credit units/Hours allocated to each of the 
following curriculum components. Total 
credit 
units. Science Science 
Pedagogies 
Educational 
Studies 
Teaching 
practice. 
A Chem, Phy, Bio, Earth sciences, 
Environmental sciences, maths , 
Health Science, Science & 
Technology. 
60 10 22 10 102 
B Chem, Phy, Bio, Earth sciences, 
Environmental sciences, maths , 
Health Science, Science & 
Technology. 
60 10 20 10 100 
C Chem, Phy, Bio, Earth sciences, 
Environmental sciences, maths , 
Health Science, Science & 
Technology. 
60 10 22 10 102 
D Chem, Phy, Bio, Earth sciences, 
Environmental sciences, maths , 
Health Science, Science & 
Technology. 
58 12 21 10 101 
E Chem, Phy, Bio, Earth sciences, 
Environmental sciences, maths , 
Health Science, Science & 
Technology. 
56 10 20 10 96 
F Chem, Phy, Bio, Earth sciences, 
Environmental sciences, maths , 
Health Science, Science & 
Technology. 
58 14 23 10 105 
G Chem, Phy, Bio, Earth sciences, 
Maths, Environmental sciences, 
maths and computer science. 
92 20 28 06 146 
H Chem, Phy, Bio, Earth sciences, 
maths, Environmental sciences. 78 27 31 09 145 
The specification of the scientific constituents of the integrated science courses by 
the course coordinators of each institution as shown in column 2 of table 8.2 above 
reveals that all their curricula were basically developed from a substantial synthesis of 
content materials from the core science disciplines of chemistry, physics and biology. 
This finding closely agrees with the result of the analysis of the colleges of education 
curriculum for integrated science; see chapter six of this work. There is also evidence of 
contents from mathematics, environmental, technological and health sciences. It can be 
observed that the set of sciences drawn upon, shows a uniform feature for all the 
integrated science curriculum in the colleges of education (A-F). This trend is not 
surprising since all colleges of education in the country are operating a core curriculum 
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for all subjects including integrated science. Furthermore, it can be noted from the table 
that the total credit units for the whole period of training in the colleges range between 
56-60 for the science and mathematics component, 10-14 for the science pedagogies, 20-
22 for educational foundation courses and 10 for teaching practice exercise. These give 
percentage average credit units of 58%, 11%, 21%, and 10% respectively. For the 
universities (G and H), the average credit units distribution across the course components 
are 85(58%), 24(16%), 30(21%), and 8(5%) respectively. Both averages for the colleges 
and universities have been represented comparatively in figure 8.1 below. 
Figure. 8.1: Distribution of credit units across the integrated science teacher 
education course components. 
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COURSE COMPONENTS 
The credit units for a course or any curriculum component normally gives a 
quantitative picture of the amount of work load involved in such a course relative to 
others. The credit unit in turn goes to determine the instructional time allocation, in credit 
hours, to a course per week, per academic session. The instructional time allocation is 
done in such a way that the higher the credit units a course has, the more the share of 
instructional time it takes per week, per academic year. The time allocation is not an 
arbitrary operation, but is based on a balanced consideration of the quantity of the subject 
matter to be taught and the cognitive demand of a course. 
178 
From the table 8.2, it can be seen that science pedagogics and teaching practice 
components of the integrated science curriculum for the colleges of education, with credit 
units of about ten each, take about one sixth (1 /6) as much time as the scientific and 
mathematics components take, while the educational foundation courses take one third 
(1/3) of such amount of time. This is to say, the scientific component takes about 60% of 
the instructional time within the duration of the training, while the educational 
studies/pedagogies and the teaching practice components take 30 and 10 percent 
respectively. The ten credit units of the teaching practice, however, represents a minimum 
of 10 weeks ( one academic term) period of teaching practice by the student teachers at 
the secondary schools with supervision from their trainers. Such classroom supervision 
during the teaching practice exercise should not be less than three times for each trainee. 
Comparing the integrated science course components between those of the 
colleges of education and the university degree programmes, the table 8.2 shows that both 
the scientific and the educational components for the university programmes carry higher 
credit work loads than those of the colleges, i.e. there is a greater content load at 
university than at the colleges. The university student teachers, however, spend less time 
on teaching practice; about a maximum of six weeks compared to the minimum ten 
weeks for the colleges. More importance is attached it appears to students spending time 
on theoretical knowledge than on the teaching practice. 
Table 8.3: Assessment of Integrated Science Staff Strength by the Course 
Coordinators. 
Institution Number of staff 
Trainers. 
Number with 
science 
qualification. 
Number of 
professional 
science educators 
Is your Staff 
strength adequate 
A 4 4 4 No 
B 8 8 3 No 
C 7 7 3 Yes 
D 12 12 6 Yes 
E 4 4 4 No 
F 7 7 6 No 
G 19 19 6 Yes 
H 17 17 5 Yes 
179 
The Course Coordinators assessment of the position of their staff strength in 
meeting the demand of the training programmes in their institutions ( see table 8.3 
above), shows that while two of the six colleges of education (A-F) indicated they have 
adequately qualified teacher trainers, the others described their staff strength as 
inadequate. The two universities (G and H), on the other hand, show a high number of 
staff trainers (19 and 17 respectively), but few are professional science educators. Thus, 
just six out of the nineteen teacher trainers in University G and five out of the seventeen 
in university H, hold professional qualifications in science teacher education. For the 
purpose of this research, the term, "professional science educators" referred to persons 
who hold qualifications in any science disciplines or fields and also in education. Despite 
this, the university Course Coordinators indicated in interview that their integrated 
science teacher training programmes were adequately staffed. The adequacy of staffing 
was interpreted by the course coordinators in terms of the number of staff available to 
manage the teaching of the courses- in the syllabus, not necessarily in terms of quality 
and quantity of the staff. The course coordinators, certainly, did not consider the 
adequacy of their staff in terms of staff-student ratio or the professional suitability of the 
staff for the unique training needs of the course. For, in general practice, higher 
institutions (colleges and universities) in Nigeria today no longer consider the staff-
student ratio an important issue in their admission policy. Hence, for most courses in 
higher education institutions, the student to staff ratios are uncomfortably high. 
In an attempt to understand the sorts of abilities or competencies expected to be 
acquired by the student teachers in the course of their training which will fit them for 
their job of teaching integrated science in schools, the items 18-20 of the questionnaire 
requested the course coordinators to list only three of such abilities as well as any 
feature(s) of their training considered important in developing skills for integrated science 
teaching. 
The responses to these questionnaire items and the follow up interview of the 
Course Coordinators revealed a strong consensus on a number of abilities and skills 
intended to be developed in their trainees. The network (Fig. 8.2) below gives a summary 
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of the characteristics of the training that goes on in both the colleges of education and 
universities. 
Figure 8.2: Characteristics of training and skill development for integrated science 
teaching in Nigeria. 
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Characteristically, all the integrated science training programmes in the teacher 
training institutions are intended to train for KNOWLEDGE, SKILLS, and ATTITUDE 
CHANGE/MOTIVATION. 
For Knowledge acquisition by the student trainees, the Course Coordinators 
specified that attempts were being made in their training to equip them with a sufficiently 
broad-base factual knowledge in the basic sciences and other fields of science study. 
These were being taught with relevance to their application in technology including 
environmental and health issues. Field trips and visits to industries were mentioned as 
forming integral parts of some science courses but that they were rarely, if at all 
undertaken for reasons of financial and time constraint. Indeed it was observed that the 
field trip/visit was one important part of the curriculum, which, for most institutions, was 
not being fulfilled. 
The students were also being exposed to the meaning, aims/objectives and the 
philosophical basis of integrated science. These aspects were particularly integrated with 
practical attempts to familiarise the student teachers with the contents and philosophy of 
the Junior Secondary School core-curriculum for integrated science. The JSS core 
curriculum is indeed, primary to the training of the student teachers. 
The Skills the student teachers were expected to develop during the training can 
be grouped into two domains: Psychomotor and Cognitive Skills. The psychomotor 
skills includes skills as improvisation, measurement, and manipulation of apparatus. 
In the domain of cognitive skills, the students were being trained to acquire skill and 
proficiency in investigative approach to science teaching. This covers issues such as the 
scientific processes, creativity, activity oriented instruction, enquiry process and the 
art of communication in science. 
Another character of the training programme expressed by the Course 
Coordinators as important was that of developing in the student teachers intrinsic 
motivation and change in attitude towards the subject 'integrated science'. This aspect, 
they said, was particularly important and necessary because of the opinion and attitude 
held(either erroneously or correctly) towards integrated science by the society and the 
academic world itself. The general opinion held about it, portrays the subject as a 'soft- 
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option' science only for the 'never-do-wells' in science and that those who opt for it do not 
intend to go further into any science career. Secondly, the apathy shown by many 
universities in the country towards the subject by not offering it, gives students little 
motivation to apply for the course. The general feeling of fear and threat held by the 
students is that the field, 'integrated science' has no real future career development but 
holds only a dead end for its practitioners. 
The Course Coordinators, when asked to describe the details of how the teaching 
of the course contents for the integrated science were being handled in their institutions, 
revealed largely a common trend in the way the teachings were belnidone. That is, the 
lecture method dominated the delivery of the course; different science 
departments/faculties collaborated to teach the science contents of the course, and the 
departments/faculties of education handle the educational studies/pedagogies. In the 
universities, in particular, it is common practice to have the full time integrated science 
student teachers join their other science disciplines counterparts in their various 
departments to receive teaching in those relevant science courses. For instance, the 
integrated science students would move to, say, chemistry, physics or biology department 
to join the bonafide students of that department to receive same teaching, from the 
science professionals of that department. Such non-professional teachers, in a majority of 
cases, have nothing to do with the educational purpose for instruction other than 
delivering the technical knowledge of their particular disciplines. These phenomena are 
more common in the universities than occur in the colleges of education. 
Although the departments of integrated science exist in each institution, such 
departments were not necessarily staffed with adequate and relevantly qualified 
integrated science teacher trainers to run completely and independently the affairs of the 
teacher training within the department. Rather, the departments are more administrative 
in function, performing such duties as admission, registration, examination coordination 
and collation of results, time-tabling and overseeing the general running of the teaching. 
This feature is also more pronounced in the universities than the colleges. 
Even though the teaching of the subject matter of the integrated science course was 
described as a collaborative venture between the various departments/faculties in an 
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institution, the teaching practice exercise is not. It is an exclusive business of only 
qualified science educators, which for lack of qualified staff at the university levels in 
particular, it deteriorates into an exercise for only a few staff with a consequential gross 
inefficiency and ineffectiveness. A majority of the teaching staff are only science 
teachers lacking qualification in education so they are normally not involved in the 
teaching practice exercise. This leaves only a few staff who have the necessary 
qualification to oversee the teaching practice exercise but are often overloaded in terms of 
staff-student ratio resulting in general inefficiency. During the teaching practice, each 
student teacher is expected to be visited at least three times by at least two different 
trainers. This was hardly being fulfilled especially in the universities where there were a 
shortage of professional science educators. In which case the student teachers rarely 
received sufficient supervision on the teaching practice. Whether a student teacher passes 
or fails the teaching practice, is determined by averaging the marks awarded by the 
different supervisors that visited the particular student. The outcome of such failures on 
the part of the training institution to give the required supervision to the student teachers, 
was that they were awarded marks almost by default. 
8.1.3: Integrated Science Teacher Training Vs. Single Science Teacher Training. 
Besides the piece-meal efforts being made to train teachers for integrated science 
teaching in Nigerian secondary schools, there is normally a larger turn-out of single 
science subject graduate teachers every year from both the universities and colleges of 
education. The university faculties/institutes of education as well as the colleges of 
education in Nigeria have for long seen the business of producing single science subject 
teachers, among others, as their main pre-occupation. So with the introduction of 
integrated science into the curriculum for the secondary education, colleges of education 
and a small proportion of universities in the country have responded to the staffing 
demand while the majority still drag their feet and some are totally apathetic towards the 
integrated science programme. 
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This study, using the Course Coordinators questionnaire and the interview, also 
sought to establish what the differences are in the training of integrated science and the 
single science subject teachers. The Course Coordinators were instructed to elaborate 
such comparison under the areas: CONTENT STUDIES (constituent of the subject matter 
being taught), PEDAGOGICAL STUDIES (educational studies/science pedagogies), and 
TEACHING PRACTICE. 
The summary of the responses are presented in Table 8.4 below. 
Table 8.4: Comparison between the training of integrated science and the single 
science subject teachers. 
Institution Content studies Pedagogical Studies. Teaching Practice. 
A - wide science contents are covered 
by integrated science students in an 
integrated way while other students 
cover contents related to their 
single disciplines only. 
- efforts are made to be as 
practicable as possible in 
teaching all aspects of the 
integrated science course. 
- same 
B -more science contents for 
integrated science students but 
taught with a deliberate attempt to 
integrate them thematically. 
- same foundational and 
science pedagogies courses but 
integrated science students 
maintain activity based training 
in most science teaching. 
- same 
_ 
C - for integrated science students 
more science disciplines are 
covered with deliberate effort to 
de-emphasise the interdisciplinary 
boundaries. 
- more or less the same except 
that constant attempt is being 
made to emphasise 'bands on 
science' for the integrated 
science students. 
- same 
D - integrated science students cover 
more from the different science 
disciplines in an integrated fashion. 
- activity based instruction 
especially in the area of science 
pedagogies. 
- same 
E - integrated science course in more 
broad based covering a wide field 
of science. 
- same — - same 
F - integrated science students cover 
a wider fields of science though 
less deep as their single science 
counterparts. 
- in addition to foundational 
courses the integrated science 
students enjoy more emphasis 
on processes and scientific 
skills. 
- same in both 
cases 
G - more areas of the different 
science disciplines are covered by 
integrated science students. 
- same in both cases. - shorter teaching 
practice period for 
the integrated 
science students for 
lack of time. 
H - integrated science students offer 
all the major sciences. 
- attempt to integrate science 
knowledge using the 
conceptual approach. 
- no difference 
From the above table, it can he understood that there is a difference in the depth 
and breadth of the subject matter content taught to the two groups of student. teachers. 
The integrated science student teachers are exposed to a wide range of subject matter 
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from all basic sciences and other science fields of study (interdisciplinary ) but with less 
s , depth and breadth of coverage from each of the contributory science subject /The single 
science student teachers, on the other hand, have their subject matter content largely 
restricted to the single science discipline. Although the single science student teachers are 
also exposed to some subsidiary and elective courses from one or two other science 
subjects, their main stay throughout the training period is on their individual science 
subject. These areas of specialisation for the single science student teachers are, unlike 
their integrated science counterparts, studied in greater depth and breadth. In other words, 
the content studies for the integrated science student teachers show broad 
interdisciplinary coverage but narrow content involvement while those of single science 
student teachers show narrow interdisciplinary coverage but an in-depth, broad study of 
special subject area. 
In terms of pedagogical studies, and the teaching practice exercise, what appears 
obvious from the expressions of the Course Coordinators was that there were no 
significant differenc7 in the way both groups of student teachers were handled. However, 
in much of the teaching of the science pedagogies, a deliberate effort is made to tailor the 
instruction to be relevant to each grouiA special disciplinary need. So it was a common 
expression by the Course Coordinators (table 8.3) that, for the integrated science student 
teachers, more emphases and particular attention are paid on science pedagogies that 
encourage the meaning and principles of integration in science as well as giving attention 
to instructional strategies favouring the teaching of science as integrated. This might not 
necessarily be the same emphases with the single science subject student teachers. 
There is no difference in the teaching practice programme as undertaken by the 
two groups of student teachers. They have same time duration for full time students, 
lasting a whole term ( minimum of 10 weeks) in the colleges of education and about six 
weeks in the universities. However, the part time student teachers generally spend less 
time on the teaching practice exercises than their full-time counterparts because they 
spent less time during their contact sessions in the institutions. 
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CHAPTER 9 
ANALYSIS OF DATA FROM PRACTISING TEACHERS 
Opinions of classroom teachers of integrated science were sampled on their 
understanding of and the teaching of integrated science in schools (Appendix Ciii). Fifty 
two (52) out of fifty eight (58) teachers of integrated science responded to the 
questionnaire. This represents 90% return rate (see table 7.4, p157). The questionnaire 
items sought a range of information, including the respondents personal data (e.g. sex, 
age group, qualification etc.), experiences in the teaching of integrated science, 
understanding of 'integrated science' and its teaching in schools and an assessment of 
training received for teaching integrated science. 
This aspect of the research was expected to provide valuable information on the 
classroom teachers' thought about: 
1- the value of integrated science, the way it was taught, and their own 
understanding of integration; 
2- their preparation in terms of knowledge, understanding and training to teach 
integrated science. 
The selection of sample schools took account of the following variables: government or 
private, urban or rural, co-educational or single sex. (see figure 9.1 below). 
Figure. 9.1: Choice of sample schools variables. 
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The twenty five schools sampled included seventeen (17) government - owned 
schools (two are federal schools and fifteen owned by the state government), and eight 
private schools consisting of six owned by voluntary agencies and two by private 
individuals. 
9.1: BACKGROUND INFORMATION OF THE PRACTISING TEACHERS OF 
INTEGRATED SCIENCE 
Section 'A' of the questionnaire sought personal data about the respondents 
covering variables as sex, age group, academic qualifications/science subjects studied and 
years of teaching experience. 
Some 38% (20/52) of the teachers had degrees or their equivalent, the rest, 32/52 
(62%), had the minimum teaching qualification certificate, the Nigerian Certificate of 
Education (NCE). 
The age profile of the sample is shown in Fig. 8.4 below with details in Appendix 
L. About 70% (37/52) teachers were in their twenties and early thirties while only about 
30% (15 teachers) were in their late thirties and above. In fact only about 8% of the 
teachers were over 40 years. This might be an indication that more experienced teachers 
tend to leave the job for other employment: teachers generally do not stay long enough in 
the teaching profession to gain substantial experience. If this is the case, and for whatever 
reasons teachers do not stay long on their job, there is the urgent need to understand the 
underlying factors in order to prevent further exodus and the waste of training as well as 
the apparent use of the teaching ground as a stepping stone to other jobs. Reasons given 
by some of the teachers on why many teachers tend to leave the profession includes the 
irregular payment of teachers wages, lack of promotion and motivation as compared to 
their counterparts in other employments. There is need to instigate policies for the 
attraction and retention of science teachers, because the teaching profession needs the 
services of experienced teachers. 
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Teaching experience of the teachers in the sample (fig. 9.3 and Appendix L) show 
that more than half, about 56% (29) of the teachers are relatively young in the teaching 
field with experiences of between 1-3 years only. About 31% (16 teachers) have average 
experiences of between four and eight years while only about 13% (7 teachers) can be 
rated as having had good teaching experience of ten years and above. All the younger 
people, age group between 20-34, fall in the categories of the in-experience (1-3 years) 
and intermediate experience (4-8 years) teachers. In other words about 87% (45 of the 52 
teachers) have less than ten years teaching experience and only seven of the teachers 
(13%) have taught for ten or more years. It is mainly young inexperienced people who are 
fe 
responsible for/delivery/integrated science courses in schools. 
Figure. 9.3: Years of experience among classroom teachers. 
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The picture revealed here is that only new, inexperienced teachers come into 
integrated science teaching. Athough integrated science has been around for over 15 
years and so one cannot expect the availability of well qualified and experienced teachers, 
it is not the only sole reason accounting for this trend. There is the factor of older teachers 
in schools who lack the expertise for teaching integrated science and therefore tend to 
hand it over to new teachers arriving in order to 'escape' from the 'burden'. 
Turning now to the form of training received by this sample of teachers, they were 
asked to state the form of training that qualified them for the teaching of integrated 
science. The responses are provided in figure 9.4 below and Appendix L. 
Figure. 9.4: Training received by teachers of integrated science 
FREQUENCY 
From the table and figure above, only 12 teachers (23%) had formal training' as 
integrated science teachers (11 with NCE and only 1 with a degree), 16 (31%) had 
informal training2 for integrated science teaching and 24 (46%) had no training related to 
the teaching of integrated science. Thus, 77% of the integrated science teacher work force 
hold no formal training qualification to teach the subject. Almost half of the number of 
teachers (24/52) had no training to teach integrated science. 
1 Formal Training: Curriculum-based professional training received in integrated science in an 
institution leading to the award of a certificate. 
2 Informal Training: In-service training received through seminars, workshops and short term courses 
for integrated science teaching by teachers who hold qualifications in other 
disciplines but who teach integrated science in schools. 
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The questionnaire (item 10) requested the classroom teachers to identify (by 
selection from a set of reasons) why they were involved with the teaching of integrated 
science . The result of the teachers' responses are shown in table 9.1 below. 
Table 9.1: Why Teachers got involved with the teaching of integrated science. 
N = 52 
P REASONS FOR TEACHING INTEGRATED SCIENCE 	  TEACHERS' CHOICE: f & % 
1. Training and qualification received in integrated science. 12  
05 
(23) 
(10) 2. Motivation from personal interest 
3. Assigned to teach it because school lacked trained 
integrated science teachers. 
35 (67) 
4. Other reasons ( to be specified). 0 
Teachers' reasons for their current involvement with teaching integrated science 
shown above reveals that 35 (67%) of the teachers expressed that they have been 
marshalled into teaching integrated science for lack of trained specialist teachers. They 
would not have opted to teach it, if given the chance to make a choice. Only 12 (23%) of 
them indicated that they were doing the job best suited to their training and qualification, 
5 (10%) teachers indicated that, although they were teaching integrated science for the 
obvious reason of lack of the relevantly qualified personnels, they volunteered to teach 
the subject motivated by personal interest. This is evident that the integrated science 
classroom in Nigeria is heavily populated with young, unqualified and unenthusiastic 
bodies. Surprisingly, the teachers' responses to question eleven of the questionnaire 
demanding them to indicate either 'Yes' or 'No' to the question "Do you enjoy teaching 
integrated science?", revealed that 45 (87%) of them answered 'Yes' while only 7 (13%) 
said 'No'. 
However, when asked further (item 12 of the questionnaire) whether they find 
integrated science more interesting to teach than separate sciences, the following 
responses emerged: 12 (23%) indicated that integrated science was more interesting to 
teach than separate sciences; 34 (65%) indicated that separate sciences were more 
interesting to them than the integrated science they were teaching; and only 6 (12%) 
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indicated that both subjects have the same level of interest for them. The 12 teachers that 
indicated preference for teaching integrated science than for the separate sciences were all 
those who had formal training for teaching integrated science. Of the 34 teachers who 
made their preference for separate sciences than for integrated science, 12 were from the 
group of 16 who had informal training for integrated science teaching while the 
remaining 22 were from the non-trained group. The 6 teachers who indicated that they 
have about the same interest in the teaching of both integrated and separate sciences were 
from both informally trained (4) and non-trained groups (2). The interesting contrast 
between this group of 6 teachers and those in the 'yes' and 'no' groups is that all of them 
were holders of university degrees and have had more than 5 years of teaching experience 
in integrated science. That they found the teaching of integrated and the separate sciences 
equally interesting could possibly be explained by their further education and the long 
years of teaching integrated science helped in overcoming the difficulties faced by others 
in the 'no-interest-in-integrated science' group. Despite the fact that there were teachers in 
this 'no' group who have also had more than five years teaching experience in integrated 
science, they still indicated preference for the teaching of single sciences than integrated 
science. Their stance could possibly be explained by the deficient foundation in basic 
sciences during their early education. This is apparent and characteristic of the type of 
0/level certificate (the Grade II) they hold. For instance, the teachers numbers 23, 28, 29, 
31, 43 & 51 (appendix M) all have been teaching integrated science for not less than five 
years but indicated that they did not find the teaching of integrated science more 
interesting than the separate sciences. All of them, except number 23, were holders of the 
Grade II certificate, an 0/Level qualification which, hitherto, did not including the 
teaching of the basic science but general science. The general science foundation appears 
not to be the best foundation for the important and demanding job of integrated science 
teaching. 
For teachers with the Grade LI foundation, the colleges of education tend to 
encourage them into taking up further careers in sciences through organising pre-NCE 
courses in the basic sciences. The pre-NCE courses are usually of one year duration, 
during which period the candidates receive a rather 'crash programme' teaching on the 
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basic sciences. At the end of the one year, they are examined internally and successful 
candidates are co-opted directly into the different science and science-related careers of 
the NCE programme. 
Most, if not all, of the holders of the Grade II certificate go through this route in 
their pursuit of careers in science. With this kind of loose foundation in the basic 
sciences, it is not surprising that many find it uncomfortable teaching integrated science 
and would prefer to teach just one single science. 
The teachers were asked to explain their biases, to give reasons why they found 
integrated science or separate sciences more interesting to teach. 
The reasons given by teachers can largely be grouped into two categories: - 
(i) Curricular difficulties/challenges; and 
(ii) Course delivery constraints. 
With respect to the integrated science curriculum, teachers who enjoyed teaching 
integrated science generally made positive statements about the curriculum; by contrast 
those who preferred to teach the single science offered mainly negative comments. It was 
observed that both groups of teachers commonly used the term "broad and 
interdisciplinary" to describe the integrated science curriculum although in different 
contexts. For teachers who saw integrated science as less interesting to teach than 
separate sciences, the use of the term "broad and interdisciplinary" to describe the 
integrated science curriculum has a negative implication. To such teachers the 
curriculum's broadness and the way it encompasses other disciplines and fields of study, 
is over ambitious, too demanding both cognitively and time-wise, for a single teacher to 
cope effectively with its preparation and teaching. This group of teachers believe that the 
separate sciences, on the other hand, are less taxing and that unlike integrated science, a 
person studying a separate science, becomes a master of a definite discipline in depth and 
breadth. For instance, a comment by one respondent in this respect reads: 
..to qualify in a separate science and teach it, is to have 
mastered such a field in greater depth and not just the 
learning of bits and pieces from different science fields and 
yet be a master of 'nothing' as the case is with integrated 
science. 
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Teachers who hold more interest for the teaching of integrated science saw the 
following positive points as the basis for their interest and motivation: 
- the 'broad and interdisciplinary' curriculum posses a challenge to the teacher and 
offers an opportunity, especially for a single science discipline teacher, to 
broaden his experiences in other scientific fields. 
- integrated science offers the most effective way of laying a good broad-base 
science foundation in children. 
- its activity oriented and investigative approach to teaching makes more 
interesting teaching and learning. 
- its emphasis on relevant application to real life situation such as in 
environmental, health, social and technological issues makes the subject less 
abstract but interesting to teach and learn. 
There are some negative factors expressed by teachers as influencing their lack of 
interest in desiring to teach integrated science. These are the other group of factors 
categorised as " Course delivery constraints". These factors, recognised by the teachers 
to militate against the effective delivery of integrated science includes: 
- lack of standardly constructed science laboratories; 
- where the laboratory structures or improvised rooms are available, they are not 
reasonably equipped to support effective practical exercises. 
- teachers who hold single science qualification accepted they have a natural 
handicap that constitute a constraint for a comfortable and confident teaching of 
integrated science all by themselves. That they are often bored and frustrated by 
unfamiliar topics in the curriculum, especially those that fall outside their 
science subject of specialisation. 
When some of the teachers were further interviewed on why there was such a 
general negative feeling and low enthusiasm towards the profession of integrated science 
teaching, it was understood that teachers resent the idea of total confinement to teach only 
at the junior secondary school level where integrated science is taught at present. This is 
further aggravated not only by their being looked down upon by their colleagues who 
teach separate sciences at the senior secondary school level but also the society's general 
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lack of recognition for integrated science. A comment by one of the respondents on the 
society's attitude reads: 
..in Nigeria today, recognition, respect and dignity are only 
given to teachers in the teaching profession in the order: 
primary, junior secondary, senior secondary, colleges of 
education and universities. How do you expect anybody under 
this circumstance to feel OK of being confined to the junior 
secondary school level simply because he has to teach 
integrated science?. 
This social attitude towards the general teaching profession in Nigeria as observed 
by this teacher reflects also in the manner they are rewarded in their jobs. For instance, 
the seriousness with which attention is given to educational problems, teachers' wages 
and other benefits, at the different levels of teachers tend to decrease in the same order 
with the primary schools receiving the least importance and attention. This attitude, 
certainly will not motivate any one to engage in a career that is perceived derogatory and 
less rewarding. 
9.2 PRACTISING TEACHERS' DEFINITION OF INTEGRATED SCIENCE 
The questionnaire requested the teachers to define 'integrated science' in their own 
words, assuming that they were defining it to a parent of a pupil who wants to understand 
what the subject 'integrated science' is all about. 
An analysis of the definitions offered by the 52 teachers revealed a range of 
understanding about the subject of integrated science. The definitions range from very 
narrow understanding of integrated science as "a subject which teaches the students about 
scientific process skills to as broad as "a subject which attempts to discover or find out 
more about the world". 
Generally six categories of definitions were identified, though not all with the 
same level of significant popularity among the respondents (see figure 9.5 page 197). The 
classroom teachers viewed and defined integrated science from different perspectives. 
They defined it from the point of view of: 
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• the science content materials that have been 'integrated' (as is evident in category 1 
definition); 
• the philosophical view underpinning the teaching of science as 'integrated' in 
schools (definition in category 2); 
• the characterising activities of the scientific enterprise (evident in definition in 
category 3); 
• its interdisciplinary nature (freelance involvement with different subject matter). 
This is evident in definitions in categories 4 - 6 
Although none of the categories of definitions given by the teachers (figure 9.5 
below) can be said to be wrong, none is comprehensive enough to be accepted as 
representative of the wide range of interests and issues which integrated science teaching 
is intended to cater for. Such definitions also did not show that the teachers understood 
very well the concerns of integrated science as portrayed in their national curriculum and 
in the wider literature. 
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Figure. 9.5 Categories of integrated science definitions by classroom teachers. 
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- a. .subject which teaches about the 
...-111111n Category 3 1  
I 	 scientific attitudes and process skills. 
  
  
     
    
- teaching about human beings and 
their environment. 
 
Category 4 
n 111110-1Category 5 
....40,4Category 6 
 
   
teaching about the living and non-
living things. 
( a subject which teaches about the world/universe. 
 
      
There is a significantly high preponderance of the definition in category 1 (subject 
which combines learning materials from biology, chemistry, physics and some other sciences) among the 
classroom teachers [43 (83%)], with apparently no difference between those trained and 
those not trained as integrated science teachers. Twenty six (50%) of the teachers shared 
the definition in category 2 (teaching of science as unity, stressing interdisciplinary relationship and 
de-emphasising the traditional boundaries) and twenty (38%) of the teachers had their 
definitions fall within category 3. The remaining definitions in categories 4, 5 and 6 had 
scanty popularity among the teachers where only 5, 4 and 2 teachers share the same idea 
respectively. In other words, the popularity of these definitions in category 1 through 
category 6 diminished in that order; hence category 6 was least popular among the 
teachers. 
It was observed that some of the teachers, perhaps, not confident of defining 
integrated science in their own words, resorted to copying the integrated science 
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'descriptors' given in section E of their questionnaire and also from one another. For 
instance teachers No. 17, 41, 42, had copied definitions from the questionnaire while 
teachers No. 28 & 29 (from the same school), had identical definitions, which suggests, 
one would have copied from the other. 
The teachers' definitions for integrated science were further examined against the 
established categories in figure 9.5 to see if there are any relationship or pattern reflected 
in these definitions. The data showed that seventeen (33%) of the teachers had definitions 
reflecting only one category ( 12 in category one; 2 in category 4; and 2 and 1 in 
categories 5&6 respectively). Eighteen (35%) of the teachers offered definitions that 
spanned two of the six categories, and fifteen (29%) of the teachers offered definition that 
spanned three categories. Of the 33 teachers whose definitions spanned between two to 
three categories, 25 of them have had some form of training to teach integrated science 
while the remaining 8, although enjoyed no training at all, were experienced graduates 
from the university or colleges of education. These experienced teachers have been 
teaching integrated science for at least five years. In contrast, the 22 teachers who offered 
one category definitions were relatively young science teachers with between 1-4 years 
teaching experience and were trained to teach a single science and not integrated science. 
It is however doubtful if the definitions given by the teachers and categorised in figure 
9.5, hold any particular consistent pattern but appear to be more random. In otherwords, it 
is unlikely that teachers' definitions conform to some definite pattern such that it could be 
said that a set of teachers X whose definitions conform to category (ies) a, b, c also did 
not subscribe to the definitions in category (ies) x, y, z and vice versa. That is, is there 
any correlation in teachers' responses? 
A further attempt was made to establish if there is any correlation between the 
categories of definition proffered by the teachers. This is to say, whether teachers whose 
definitions for integrated science reflect or did not reflect category one of figure. 9.5 
correlates with options in other categories. A measure of correlation was calcula by 
using the frequencies of teachers 'subscribing' or 'not subscribing' to a category of 
definition in fig. 9.5. This produces a fourfold contingency table as set out below: 
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CATEGORY TWO 
CATEGORY ONE 
Not subscribe Subscribe Total 
Subscribe a b (a+b) 
Not subscribe d (c+d) 
Total ( a+c (b+d) (a+b+c+d) 
One measure of correlation derived from such a table, according to D. G. Lewis 
(1967), is the fourfold point correlation', usually denoted by y (phi). It is defined by: 
= bc - ad 
'I(a+b)(c+d)(a+c)(b+d). 
Obviously, the greater the numbers b and c ( those who subscribed and did not 
subscribed to both categories) relative to a and d ( those who subscribed to one category 
and did not, to the other), the greater cp becomes. If, however, the product bc becomes 
less than ad, cp will in fact be negative, showing an overall tendency for 'subscribing' to 
one category to be associated with 'not subscribing' to the other . 
Using the cp correlation, the categories of definition in figure 9.5 were correlated 
with each other and the following resul were obtained: 
Table 9.2: Correlation (phi) for categories of definitions in figure 9.5 
Categories correlated Y 	 9 (phi) Values 
one & two 0.05 
one & three 0.15 
one & four - 0.56 
One & five - 0.44 
two & three 0.24 
two & four - 0.06 
two & five - 0.14 
three & four 0.01 
three & five - 0.08 
four & five 0 
The (p correlation values for the categories of definition seems to have confirmed 
that there is no coherent pattern in the teachers' understanding of integrated science as is 
evident in the random definitions given by them. The (p values show very low 
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association. In fact, with the exception of the q values for categories one & four and one 
& five which show some weak negative association ( (p values of -0.56 & -0.44 
respectively), most of the values tend towards no association at all. 
9.3 HOW DO THE TRAINED INTEGRATED SCIENCE TEACHERS ASSESS 
THE TRAINING THEY RECEIVED? 
Integrated science teachers who have undergone any formal training at all were 
asked to give an opinion on the training they received (see questions 16-20, Appendix 
C.iii), also to suggest ways they think the training might be improved. The teachers were 
also asked to say what influenced their choice for a part-time or full-time training. 
The 12 trained teachers in the sample of 52 responded to this section. Of these, 7 
had their training by part-time studies, the remainder by full-time training. The teachers 
trained part-time, gave these reasons for this choice of training: 
- difficulty in securing study leave with or without pay from employers (both 
government and private); 
- uncertainty over future job guarantee in the event of quitting a job for a Full-
time study; 
- institutions of choice run only part-time training for integrated science teaching. 
It became apparent from these reasons given by the teachers that they would have 
preferred a full-time training but for the compelling conditions which made the 
opportunity for a full-time study difficult and daring. The result was that the cautious 
teachers had to settle for the part-time programme. 
Teachers who undertook their training through full-time studies, however, 
believed they made the choice based on the conviction that they would learn better 
through the Full-time programme. That the full-time programme offers the advantage of 
enough time for studies, more opportunity to interact with other full-time students, the 
staff, and school learning facilities/environment. These privileges, the full-timers believed 
have higher chances of being enjoyed on Full-time study than are possible through part-
time study. 
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Infrastructural/ 
Personnel 	 instructural facilities 
- teacher trainers lacking 
both in quantity and 
quality. 
- lack of and/or poorly 
equipped laboratories. 
- shortage of integrated 
science textbooks 
The teachers were further asked to give a general assessment of the training they 
receive during the course of their training for integrated science teaching. Three 
categories of responses ( Good; Fair; Inadequate) were provided to accommodate their 
reactions. 
Their responses showed that with the exception of one teacher who assessed his 
training experience as 'good', all the other eleven teachers rated their training as 'fair'. No 
teacher rated the training received as 'inadequate'. In any case, the majority opinion 
about their training to teach integrated science was that it was averagely good (i.e. fair). 
Their responses were followed by itemisation of areas of training they were 
dissatisfied with; and suggestion of ways the training can further be improved. These 
areas of dissatisfaction raised by the teachers could be classified as curricular, personnel 
and infrastructural/instructional facilities (fig. 9.6 below). 
Figure. 9.6: Classroom teachers' perceived training in-adequacies. 
Classroom teachers' 
views on the inadequacy 
of their training 
Curricular 
- 'massive' curriculum and 
overloaded time table giving 
no chance to students' private 
study. 
- practical exercises are 
neglected while theoretical 
lectures dominate teaching. 
- teaching are geared towards 
covering course work at the 
expense of learning. 
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The integrated science teacher training curricula, the teachers believed were over-
ambitious and too massive for both the trainers and trainees to cope with. The results 
were that the teaching time table tend to be over-loaded giving the student teacher less 
free time for private studies. Similarly, science laboratory practicals and activities which 
could promote 'hands-on-science' were played down and in some cases totally neglected. 
The teacher trainers promoted more of the lecture method as it served the purpose of 
rushing through the course work to cover the 'massive' syllabus. This contradicts the 
objective of the inquiry teaching which is claimed by the integrated science curriculum 
developers to strongly underpin the teaching of integrated science. 
The classroom teachers also listed the lack of sufficient teacher trainers (both 
qualitatively and quantitatively) in training institutions as a major crisis in the effective 
training of teachers of integrated science . This situation indeed confirms the status of 
teacher trainers earlier given by the course coordinators and analysed in table 8.3, page 
179. The qualification of the participating teacher trainers in most institutions (table 8.3) 
reveals that most are not professional science educators nor have they had any training to 
teach integrated science at some point in their career. 
Turning to problems associated with infrastructural/instructional facilities, the 
teachers itemised the lack of a well constructed and /or equipped laboratories. This is a 
condition observed to encourage much of the less desirable 'teaching about science' at the 
expense of 'doing science'. Secondly, the teachers complained of severe lack of integrated 
science text books relevant to the various aspects of the subject of integrated science that 
could assist both trainees in institutions as well as classroom teachers in schools and 
colleges. Although some of these relevant textbooks might be available in the market, 
government does not have plans to buy and supply the schools. The teachers and schools 
therefore have to make personal efforts to buy such books for themselves. 
In suggesting ways that the training of teacher for integrated science could be 
improved for positive results, these teachers believed that all the above problems must, as 
a matter of priority, be addressed. Their suggestions, among others, includes:- 
- Review and prune the 'massive' training curriculum to a relevant and 
manageable size. 
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- Initial teacher training for integrated science should be made a Full-time training 
with employers encouraged to grant favourable conditions to their employees 
who wish to take up the training. 
- Construct and equip integrated science laboratories in training institutions and 
schools to reflect the unique and peculiar nature and demand of the course. 
- Train and /or employ qualified/experienced teacher trainers who would be able 
to cope with the demand of the course as well as giving it the attention it 
deserves. The point being made here was that the teachers felt that some of the 
trainers got involved in the training merely for the sake of the monetary gain, a 
common phenomenon with part-time programme. 
- Effort should be made to produce relevant textbooks especially on teacher 
education and the teaching of integrated science. 
9.4 CLASSROOM TEACHERS' PERCEPTION OF THE CONCEPTUAL 
MEANING OF INTEGRATED SCIENCE AND WAYS IT MIGHT BE 
TAUGHT IN SCHOOLS. 
The classroom teachers' perception of the conceptual meaning of 'integrated 
science' and ways it might be taught in schools were sought through the questionnaire. 
For this purpose, statements ( extracts from literature reviews;) which reflect points of 
view about the meaning of integrated science and ways it might be taught in schools were 
presented to the teachers for their responses. They were instructed to respond to these 
integrated science descriptors and pedagogies by agreeing, disagreeing or remaining 
neutral (undecided) on the relevance of the statements in describing the meaning of 
integrated science and ways to teach it. Agreeing with a statement means it expresses 
exactly or closely the respondent's perception of the meaning of integration in science and 
ways it can be taught, while disagreeing means, the statement has been perceived as 
unimportant and can be ignored or totally irrelevant as an integrated science descriptor or 
pedagogy. The response 'undecided' means the status of the statement cannot be decided. 
There were sixteen (16) items all together (8 descriptors and 8 pedagogies) to which 
the 52 teachers responded. 
The responses of the classroom teachers are shown in the tables and figures below. 
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 El Disagree 
El Undecided 
MI Agree 
Table 9.3: Classroom Teachers' Perception of Integrated Science 
ntegrated science 	 escriptor Classroom Teachers' Responses (F&%) 
A: ee Undecided Disa: ee 
e acquisition o basic 	 owledge in 	 e 
basic natural sciences and the earth sciences 
52 (100) 0 0 
13. The development of scientific attitudes. 50 (96) 
51 (9gr— 
2 (4)  
1 (2) 
0 
0 C. Exploring the fundamental unity in all 
scientific knowledge. 
D. Understanding the conceptuaunity of the 
sciences. 
47 (90) 4 (8) 1 (2) 
E. Develop competence in the unified 
scientific process skills. 
44 (85) 6 (11) 2 (4) 
F. Explonng the relationship of science and 
technology. 
45 (86) 5 (10) 2 (Tr— 
G. Science courses should have strong links 
with environmental education. 
46 (88) 5 (10) 1 (Yr— 
H. The awareness of the limitations of 
science as a basis for dealing with moral and 
political problems 
21 (40) 12 (23) 19 (37) 
Figure 9.7: Teachers' Perception of Integrated science 
60 — 	 Is1 -=- 52 
ICI 	 I 	 I 	 I 	 I 
C 	 D 	 E 	 F 	 G 	 H 
Integrated Science Descriptors 
50 — 
ao — 
30 — 
20 
10 
0 
  
  
   
The responses to the integrated science descriptors by the fifty two classroom 
teachers show a very high level of agreement (85-100%) among the teachers across seven 
of the eight descriptors. This gives an average of 92% agreement to items A-F as 
important and necessary in describing the meaning of integrated science. On the level of 
individual descriptors, the teachers show a 100% perception of item A: "the acquisition of 
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basic knowledge in the basic natural sciences and earth sciences" as the subject matter of 
integrated science. Similarly, the perception of integrated science as also concerned with 
"exploring the fundamental unity in all scientific knowledge", "the development of 
scientific attitude" and "the understanding of the conceptual unity of the sciences" show 
over 90% agreement among the teachers. Other integrated science descriptors as " the 
development of competence in the unified scientific process skills", "exploring the 
relationship of science and technology", and "relating science to environmental 
education" had over 80% agreement among the teachers. However only 40% (21 
teachers) perceived integrated science as also concerned with creating "the awareness of 
the limitations of science as a basis for dealing with moral and political problems", 23% 
(12 teachers) were undecided, while 37% (19 teachers) totally rejected the item as fitting 
the subject of integrated science. The different position taken to by the teachers on this 
item is not totally surprising since over the decades, world wide, what science is and what 
it does have only been understood by the scientist. The public has an obscure 
understanding of the work of the scientist and science. Many integrated science 
programmes therefore have, besides other objectives, the promotion of scientific literacy 
and the public understanding of science. This objective of popularising science as part of 
the role of science education is probably yet to become a popular idea among the teachers 
of science. This could be a probable explanation for teachers' inability to see much of any 
relevance of science to social and political life. 
All the teachers perceived integrated science as concerned with 'the acquisition of 
basic knowledge in the basic natural sciences and earth sciences' which matches closely 
the definition most of them (57%) presented when asked to defined integrated science in 
their own understanding. This number saw integrated science as a subject which 
combines learning materials from the basic natural sciences of biology, chemistry and 
physics (Fig. 9.5). There appears to be a positive relationship between the definition 
offered by the teachers in figure 9.5 and the choice made by them in table 9.3 above. 
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El Disagree 
q Undec idcd 
RAgree 
60 — N = 52 
I J 0 P 
50 — 
10 — 
K 	 L 	 M 	 N 
40 
ar 
cr 30 
LT., 20 
Table 9.4: Teachers' perception of integrated science pedagogies (i.e. way's it might 
be taught in schools) 
ntegrated science Pedagogies — — -- Classroom Teachers' Responses (F&%) 
L 
Agree 
	 8 Undecided I Disa:ree 
. Class discussion of social issues related to science 
should be considered an important type of school 
science lesson. 
26 (50) 15(29) 11 (21) 
—.7—(6) 
2 —(4) 
3. The selection of aims for science courses and its 
teaching should take into account the everyday life of 
the students. 
45 (86) 4 (8) 
R. Science schemes should be developed on a 
suitable psychological theory of learning. 
40 (77) 10 (19) 
L. A guided discovery approach to establishing 
concepts and generalisation should be used. 
49 (94) 1 (2) 2 (4) 
14(27) M. Collaboration wit teachers in departments other 
than sciences in necessary in order to integrate science 
in the curriculum 
30 (58) 8 (15) 
N. Team teaching is an effective way of teaching 
integrated science. 
34 (65) 10 (19) 8 (15) 
O. Work in science should be evaluated on the basis 
of students' ability to solve problems, not on the recall 
of an 'articular contents. 
41 (79) 7 (113) — 4 (8) 
. Students should be engaged in analysing critically 
pieces of scientific journalism which should be 
considered just as much as a way of testing 
understanding as having to answer a question on such 
too cs as osmosis magnetism or thermod namics. 
37 (71) 11 (21) 4 (8) 
Figure 9.8: Teachers' Perception of integrated science Pedagogies 
Integrated Science Pedagogies 
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The responses to the integrated science pedagogies by the teachers show a less 
strong agreement to the items as compared to their responses to the items describing the 
meaning of integrated science (Table 9.4 & fig. 9.8). Only two items of the eight 
pedagogies had over 80% agreement among the teachers.As shown in table 9.4 and figure 
9.8 above the pedagogies B & D ('the selection of aims of science courses and its teaching should take into 
account the everyday life of the students' and 'a guided discovery approach to establishing concepts and generalisation 
should be used in integrated science teaching' ), had 86% and 94% agreement respectively.. The other 
six items had between 50% and 79% with the item A ('class discussion of social issues related to 
science should be considered an important type of school science lesson') and item E ('collaboration with teachers 
in departments other than science in necessary in order to integrated science in the curriculum') registering the 
lowest acceptance (50% and 58% respectively) as relevant pedagogics for integrated 
science. 
The teachers were asked to select from the list of statements (A-P) made about 
integrated science only five that, in their opinion, best describe the meaning of integrated 
science. Figure 9.7 below gives a picture of the range of choice made by the teachers. 
Figure 9.9: Practising Teachers choice of five statements that best describe the 
meaning of integrated science in schools. 
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STATEMENTS ABOUT INTEGRATED SCIENCE 
Although figure 9.9 above shows that the teachers choice of five statements 
spread widely across all the statements except item P, only items A B C D 8t E were 
highly regarded by th6 teachers as most essential in describing the meaning of integrated 
science. Thus a majority of the teachers believe that the main subject matter for integrated 
science in schools includes: 
- the acquisition of basic knowledge in the basic natural sciences and the earth sciences; 
- the development of scientific attitudes; 
- exploring the fundamental unity in all scientific knowledge; 
- understanding the conceptual unity of the sciences; and 
- develop competence in the unified scientific process skills. 
This opinion expressed by the teachers is strongly representative of the core ideas of most 
of the school integrated science programmes. Integrated science documents in the form of 
texts and curriculum materials examined by the researcher, particularly the Nigerian 
version, appear to be conveying these 'meanings'. What these statements stand for and 
how they are delivered in schools give rise to the different versions of integrated science 
programmes. 
Despite the broad and embracing choice of the teacher as to what they thought 
were essential in describing the meaning of integrated science, they failed to represent 
their ideas in this way when asked to defined 'integrated science' in their own words. 
Rather, integrated science was defined in content terms, which teaches selectively 
combined subject matter from biology, chemistry and physics (represented here by their 
choice of the statement, "the acquisition of basic knowledge in the basic natural sciences..."). 
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CHAPTER 10 
ANALYSIS OF DATA FROM STUDENT TEACHERS. 
This chapter analyses the data obtained from the integrated science student 
teachers and focuses on their understanding of integrated science and views about their 
training to teach integrated science. The questionnaires (Appendix C'iv) were 
administered to all the 1992/93 final year integrated science student teachers in eight 
institutions; a hundred and forty four(94%) students responded to the questionnaire (see 
table 7.3). 
The questionnaire asked final year student teachers about their: 
1. Science background which qualified them for admission to the college; 
2. Their understanding of integrated science; and 
3. Assessment of the training programme. 
10.1 BACKGROUND OF INTEGRATED SCIENCE STUDENT TEACHERS. 
Information was collected on students' sex, age, qualification and science subjects 
background. The information obtained is represented in figures 10.1 to 10.4. 
Figure. 10.1: Sex Distribution among Student Teachers. 
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M:,:f m„„Vgge•jaM 
F 1111111111MWSSMISSONNOMOVISSINIM 
z _ 
H 
G 
0 	 20 	 40 	 60 	 80 	 100 
FREQUENCY (%) 
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In figure 10.1, it appears the institutions do not consider gender as any important 
factor in their admission policy for the integrated science course. As such there is no 
striking pattern in the ratio of men and women admitted for training for integrated science 
teaching. The universities G & H have about equal number of males and females in 
training. In the case of the colleges of education, with the exception of two colleges (D & 
F) which have about 70% females to about 30% males each, all the other four colleges 
(A, B, C & E) have higher number (between 65 - 80%) of male students than females in 
their training programme. One would think that, since there was not gender admission 
policy, the gender ratios displayed here is merely an issue of chance rather than of any 
attributing reason. On the whole, it does appear that admission was given to any 
'qualified' candidate irrespective of sex. 
Figure. 10.2: Age Distribution among Student Teachers. 
N = 144 
20-24 
	
25-29 
	
30-34 	 35-39 
	
40-44 
	
45-49 
AGE GROUP 
The age distribution among the student teachers in figure 10.2 shows that 103 of 
the 144 students (about 78% of the population) are below the age of thirty and 31 (22%) 
lie between the ages of 30 - 50 years. As the ages rises, men tend to dominate. Only 8 
(6%) students fall within the ages 35 - 50. About 62% of the females (36 of 58) are 
between the 20 - 24 age group as against 45% males (40 of 86). Those who have Grade 
two teachers certificate foundation appear generally older than their GCE counterparts. 
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N = 144 
Female 
IN Male 
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Figure 10.3: Science Background of Student Teachers. 
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0/LEVEL SCIENCE SUBJECTS STUDIED 
Examining the science background of the student teachers (Fig. 10.3), the most 
common combination reveals that about 63% of the population had 0/Level biology, 
59% had Agricultural science, 30% had chemistry and only 9% had physics. About 34% 
of the student teachers (most of whom are holders of Grade two teachers certificates) 
were admitted with qualifications only in health science, physical and health education, 
general science and integrated science. Students with integrated science background 
constituted only 4% of this population. Until recently, the Grade Two Teachers' Colleges 
did not teach the three basic sciences as part of the school curriculum; but science was 
taught as "general science". So it was not unusual to find that most of the grade two 
holders had deficient backgrounds in biology, chemistry and physics. However, from the 
gender point of view, there appears to be some differences in the science background 
between the males and females. There are about 46% males as against 28% females who 
hold qualifications in biology, chemistry and physics. There are only 11 male students 
and 2 female students with physics background. Most of the students who hold the Grade 
two certificate background show very weak background in the physical sciences,For the 
more general background in science such as in health science, general science, integrated 
science and physical and health education, there are 14% females to 12% males who were 
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admitted with such background. A majority of these students hold the Grade two 
certificate background. In summary, then a typical student teacher of integrated science in 
the institutions studied had an 0/level biology/agricultural science background. This 
science background for a typical student of integrated science did not vary with the sex of 
the students. There is however marked deficiency in students with backgrounds in 
physical sciences, especially of women with physics. 
Figure.10.4: A/Level Science Background for Student Teachers admitted for 
Integrated Science Degree Course in the Universities ( G & II ). 
N = 29 
Bio/Chem Agric. Sc Phy/Chem Int. Sc 	 PILE 	 Prim. Sc Home Econs. 
Nigeria Certificate of Education (NCE) qualification (A/Level equivalent) 
The advanced level science background for the student teachers (Fig. 10.4) 
admitted for the integrated science degree course in the universities (G & H) revealed 
that, with the exception of one student who held a diploma, the remaining 99% students 
were holders of the Nigeria Certificate of Education (NCE), an A/Level equivalent. 
About 52% (15) qualified in a combination of biology/chemistry, 17% (5) with 
agricultural science, 14% (4) in physics/chemistry. Only 2 students had qualifications in 
integrated science and one each in primary science, physical and health education and 
home economics. In other words the background of integrated science university 
undergraduate teachers are in the separate sciences , typically in the biology/chemistry 
combination. 
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10.2: DEFINITION OF INTEGRATED SCIENCE HELD BY THE STUDENT 
TEACHERS. 
The final year students of integrated science in the colleges of education as well as 
those of the universities were asked to describe their understanding of integrated science. 
The research drew data exclusively from the final year students; it was felt that they 
would be in a better position to respond to such question having been influenced for at 
least two years by their training to teach the subject. 
The respondents were requested to define integrated science the way they 
understand it. Of the 144 respondents, 18 (12.5%) did not present any definition, most of 
these were holders of the grade two teachers' certificate. No reason was given by the 
candidates for their action. This might as well be interpreted as a show of lack of 
confidence in their understanding of the subject or an inability to define integrated 
science in their own way. Definitions given by the remaining 127 others however 
revealed a range of understanding about integrated science. The definitions, like those of 
the practising teachers (see section 9.2), range from very narrow definition of integrated 
science as a subject which teaches about the scientific process skill, to as wide a 
definition as the study of the universe. 
The six categories of integrated science definitions which resulted from the 
analysis of those given by the practising teachers (figure 9.5 page 197) fit closely the 
range of definitions given by the integrated science student teachers. Some 60% (87) of 
the student teachers saw integrated science solely and exclusively as a subject which 
combines contents from other science disciplines, principally of biology, chemistry and 
physics (category 1). A few students ( 11 of 87) saw integrated science as dealing with 
many more issues than just the combination of contents from the three basic sciences; 
hence their definition of integrated science were more broad and spanning two or more 
categories. About 18% (26) defined integrated science as an approach to the teaching of 
science as unity (category 2). Only about 7%, 6%, 1% and 3% student teachers had 
definitions falling into categories 3, 4, 5 and 6 respectively. Most of the students teachers 
(131 or 91%) presented narrow definition of integrated science fitting only one category, 
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INSTITUTIONS 
G II 
El Fair 
Inadequate 
only 9% presented definitions broad enough and were placed into more than one 
category. 
10.3: ASSESSMENT OF TRAINING PROGRAMME BY THE INTEGRATED 
SCIENCE STUDENT TEACHERS. 
The final year student teachers were asked to assess the training they were 
receiving for the teaching of integrated science. They were provided with three categories 
of responses ( Good, Fair or Inadequate) with which to express their general feelings 
about the training. In addition, the questionnaires offered them opportunities to say what 
they thought was deficient in their training or they were dissatisfied with in the training 
programme; and of ways by which the programme could be improved. 
Based upon the three category responses, the reaction of the students for each 
institution has been presented in figure 10.5 below: 
Figure.10.5: Student Teachers' Assessment of their Integrated Science Training 
Programmes in their Different Intitutions. 
N = A9; B15; C22; D16; E34; F19; G20; 119. 
Of all the integrated science teacher training programmes going on in the six 
colleges of education (A-F) and the two universities (G & H), only colleges B & C and 
both universities had their training programmes rated as "good" by about 53%, 59%, 
60%, and 67% of their students respectively. In summary, 4 of the 8 institutions were 
rated 'good; 2 of these were the university departments and the remaining '2 were colleges 
214 
of education known to be pilot colleges for the Nigerian Integrated Science Teacher 
Education Project (NISTEP). Although 3 colleges of education sampled for this study 
were NISTEP pilot colleges whose teaching staff have been benefiting from training to 
teach integrated science at Kings College, London, only the 2 rated 'good' are known to 
still retain the trained staff while the other one had lost the services of its trained staff to 
other jobs. The remaining colleges of education (A, D, E & F) have less than 30% of their 
student teachers rating their experiences from their training programme as "good". Tables 
10.1 and 10.2 below show the relationship between the student teachers' background 
qualification, gender and the assessment of their training experiences. 
Table 10.1: Student Teachers' background and Rating of their Training Experiences 
0/L Background 
ASSESSMENT OF TRAINING PROGRAMME 
Good Fair Inadequate TOTAL 
WASC/GCE 51 (55) 36 (39) 6 (6) 93 (100) 
GRADE II 4 (8) 33 (65) 14 (27) 51 (100) 
TOTAL 55 (38) 
1 
' 69 (48) 20 (14) 144 
NB. fig ires in brackets are percentages. 
Table 10.1 shows that of the 93 student teachers who were holders of the West 
African School Certificate and/ or the General Certificate of Education, 55%. 39% and 
6% of them rated their training programme as 'good', 'fair' and 'inadequate' respectively. 
On the other hand, of the 51 student teachers who were holders of the Grade two teachers' 
certificate, only 8% rated their training experiences as 'good', 65% as 'fair' and 27% as 
'inadequate'. This means that student teachers whose background qualification is the 
WASC/GCE certificate are more likely to rate their training experiences as 'good' than the 
holders of the Grade II certificate. This suggests that student teachers with the Grade II 
certificate find the integrated science course more difficult than their WASC/GCE 
counterpart. 
Table 10.2: Assessment of integrated science training programme by gender 
GENDER ASSESSMENT OF TRAINING PROGR • MME 
Good Fair Inadequate TOTAL 
MALE 37 (43) 38 (44) 11 (13) 86 (100) 
FEMALE 18 (31) (53) .31 9 (15) 58 (100) 
TOTAL 55 (38) 69 (48) 20 (14) 1.44 
NB. figures in brackets are percentages. 
In table 10.2, the integrated science training programme gender rating pattern 
shows that of the number of 86 male students, 43% rated the programme as 'good', 44% 
said it was 'fair' and 13% said the effort was 'inadequate'. On the other hand, 31% of the 
female students felt the training was 'good', 53% rated it as 'fair' and the remaining 15% 
described their experiences as 'inadequate'. There is evidence that male student teachers 
are more likely to enjoy the integrated science course than their female counterparts. 
Generally, more student teachers irrespective of their qualification and gender, tend to see 
the integrated science training as 'fair'. In an interview with some of the students to 
understand what they meant when they assessed their training as 'fair', it was understood 
that such students were finding the course quite difficult and uninteresting. They were 
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therefore using 'fair' modestly, but almost synonymousgwith expressing a complete 
dissatisfaction with the course. 
The student teachers also listed areas in their integrated science training which 
they perceived as deficiencies and dissatisfactions. They also suggested ways their 
training programme for integrated science teaching could be improved. 
The student teachers' list of what they considered as problems in their training fall 
into about the same categories as those of the integrated science practising teachers 
established from similar responses in the last chapter (page 201). The problems are 
related to either curricular, personnel and facilities; there is a category of problems related 
to the admission policy. Curriculum related problems raised by the students include their 
complaint about the curriculum being generally too large. The results were that the 
teaching timetable became overloaded, practical and field exercises were often ignored. 
216 
Turning to teaching personnel, the students lamented that both the science and science 
education teaching staff were lacking both in quantity and quality. Even the few that were 
available did not take the job seriously as most of them, borrowed from other single 
science departments, did not see themselves as qualified for the educational work and that 
it wasn't their primary responsibility. They were therefore showing a general lack of 
interest, enthusiasm and little commitment to the success of the integrated science 
training. A comment by one of the students, typical of many other students about the 
problem of teaching staff in their institutions, reads: 
we do not have qualified teachers and those helping from other 
departments tend to show no interest in its teaching 
The lack of infrastructural and instructional facilities such as laboratory building 
and equipment were listed by over 90% of the student teachers. Their observations range 
from lack of purpose built laboratory, which in some cases normal lecture classrooms 
were being used as laboratories, to poorly equipped laboratories. Of the eight institutions 
visited in the course of this research, only two of them had laboratories referred to as 
'integrated science laboratories' while in a majority of cases, laboratories were shared 
with separate sciences departments. This laboratory sharing limits the students laboratory 
experiences especially when the time tabling for the laboratory use tend to be very tight 
and the students may or may not have the opportunity to make occasional 
individual/private appearances in the laboratories for private exercises. 
The problem of lack of relevant text books for integrated science that could be of 
assistance to the student teachers were raised by a large number of the students. Of 
particular relevance in this respect are texts on the pedagogies of integrated science 
covering, among others, such things as the conceptual meaning and the philosophical 
basis for integrated science in the Nigerian classroom. The researcher observed that much 
more effort has been put on the ground to produce textbooks covering the content 
material to be taught relevant to the curriculum for the Junior Secondary Schools for 
which the teachers were trained to implement. However, very little effort had been made 
to produce texts that could be of help to the trainee teachers. Even the very few that were 
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there in the market were very expensive (including the locally written ones). Yet in the 
face of this difficulty in acquiring these rare but essential texts by the student teachers, 
none of the institutions visited had any good integrated science library resources to assist 
the needy students. 
Some student related problems raised by the students themselves border around 
the admission policy of the training institutions. A number of the students believe that, 
fundamental to the deficiency or dissatisfaction in the integrated science training 
programme was the poor selection of the candidates for the course. They observed that 
contrary to the expectation of a strong background in the natural sciences for candidates 
to benefit maximally from the integrated science course, some of the admitted candidates 
were either completely lacking in the science background or grossly deficient in it. A 
typical comment by one of the students reads: "...students who had not applied for the 
course have been forced into it". This meant that some of the students being trained for 
integrated science teaching did not initially applied for the course but were offered it as 
second choice. The case here is that the student might have applied for other science 
courses but found to be basically unqualified for the choice, the integrated science course 
was therefore offered by the admission authority as an alternative. This alternative might 
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not necessati be a choice for the applicant. Hence, for either lack of interest or deficient - 
background in the relevant sciences, such students have found the course uninteresting or 
difficult to cope with. In fact evidence of the poor science foundation by most students is 
clear from figure 10.3, page 211 where quite a few (3%) of them claimed to have 
qualified 0/L background for all three sciences ( physics, chemistry and biology), about 
19% with only biology and chemistry. The rest of the students hold passes in one science 
or the other, largely biology and/or agricultural science. Indeed a number of some 
students were admitted with the more general background in science. In one of the 
institutions, a student was found to have been admitted to read integrated science without 
a single science subject but with a background in economics. Another student, holding 
the Nigerian Certificate in Education in Home Economics was also given admission to 
read for a degree in integrated science. From interview with such students, it was 
understood that they were finding the course extremely difficult but hung on if only to 
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manage to the end and obtain their motivating ambition - a university degree or a higher 
academic qualification. 
With such admission practices, it would be appropriate to conclude that the 
institutions have very liberal and low admission standard for the integrated science 
course. This is evident in the fact that even students with very weak or no science 
background have been admitted, which, very likely, could have been a contributing factor 
to the difficulty being experienced by such students in the integrated science course. 
The student teachers, having made these observations on the deficiencies or 
problems with their training programme, suggested ways they believe the integrated 
science teacher training programme could be improved. Their suggestion includes: 
1 - employ more integrated science teacher trainers and provide training for them 
as well as providing incentives to retain the trainers on the job; 
2 - provision of well equipped 'integrated science' laboratory where practical 
exercises could be held regularly as needed; 
3 - provide relevant integrated science text materials and instructional facilities 
that can be of help to both teacher trainers and the students; 
4 - give admission only to candidates who hold interest in as well as possessing 
the admission requirements for the integrated science course; 
5 - review the 'massive' integrated science teacher training curriculum as well as 
the teaching time table; 
6 - Integrated science course should be made 'double major'3 as against the 
traditional 'single major'4 courses in the colleges of education. 
3 8t 4 - Single and Double major courses: Traditionally, a student studying for the Nigerian Certificate of 
Education, (usually at a colleges of education) may offer a combination of two subject disciplines referred 
to as "single majors" or one subject discipline, in this case, known as a "double major". The double major 
courses (e.g. Agric. science, Home economics, Integrated science etc.) are considered to be reasonably and 
sufficiently 'large enough' for a profession. 
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10.4 STUDENT TEACHERS UNDERSTANDING OF THE CONCEPTUAL 
MEANING OF 'INTEGRATED SCIENCE' AND WAYS IT COULD BE 
TAUGHT IN SCHOOLS. 
In an attempt to find out how the integrated science student teachers understand 
the meaning of 'integrated science', they were presented with a set of eight statements 
describing the concept of 'integrated science' and another set of eight pedagogical 
statements describing how integrated science could be taught in schools. They responded 
to the statements in a similar pattern as was done by the practising teachers of integrated 
science. That is, to 'agree' or 'disagree' with a statement if it matched or did not match the 
respondent's understanding of the meaning of integrated science or the way it might be 
taught in schools. They may remain 'undecided' about a statement ( see section 9.4, page 
203 for details about the task). 
The responses of the 144 student teachers are shown in the tables below: 
Table 103(a): Student Teachers' Perception or Integrated Science. 
Integrated Science Descriptor Student Teachers' Responses (F& %) 
Agree Undecided Disagree 
A. The acquisition of basic knowledge in the 
basic natural sciences and the earth sciences 
136 (95) 6 (4) 
6 (4) 
---- 2 (1) 
B. The development of scientific attitudes. 135 (94) ----T(2) 
C. Exploring the fundamental unity in all 
scientific knowledge. 
130 (90) 
123 (85) 
g (6) 
12 (8) 
6 (4) 
9 (6) D. Understanding the conceptual unitTof the 
sciences. 
E. Deve op competence in the unified 
scientific process skills. 
128 (89) 
119 ((0) 
7 (5) 
13 (9) 
9 (6) 
12 (8) F. Exploring the relationship or s'eTeticTeiTia— 
technology. 
G. Science courses should have strong links 
with environmental education. 
93 (65) n (16) 28 (19) 
H. The awareness of the limitations of 
science as a basis for dealing with moral and 
political problems 
132 (92) 7 (5) 5 (3) 
The students response in table 10.3(a) shows a general high agreement to items A-
H as describing the subject matter of integrated science; there are low cases of 
disagreement as well as undecided cases. There are, however, slight variations on the 
students' consensus on the individual items. The students show high agreements (between 
83-95%) for most of the integrated science descriptors. Only item G registered as low as 
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65% acceptance among the students, that is to say that a relatively high number of 
students did not see integrated science as concerned with environmental education. Item 
H (`the awareness of the limitations of science as a basis for dealing with moral and political problem') 
has been highly perceived by 98% of the student teachers as a relevant subject matter for 
integrated science as compared to the very low perception (40%) by the classroom 
teachers (see table 9.2). 
Table 10.3(b): Response pattern of students by Gender and basic qualification (GCE 
& Grade II) 
Item AGREE (%) UNDECIDED (%) DISAGREE (%) 
M F GCE GdII M F GCE GdII M F GCE GdlI 
A 95 93 97 90 4 5 2 8 1 2 1 2 
B 95 88 97 88 4 7 2 8 1 5 1 4 
C 93 84 93 84 4 9 4 12 3 7 2 3 
D 91 78 92 72 6 12 7 12 3 11 3 16 
E 93 83 92 82 4 7 4 6 3 11 3 12 
F 84 81 86 76 9 9 7 12 7 11 6 12 
0 73 52 76 43 13 21 15 18 14 28 9 39 
H 98 83 98 80 1 9 1 11 1 9 1 11 
N = 144: [N4 = 86, F = 58]; [GCE = 93, Grade II = 51]. 
When the response pattern of the students were further examined against some 
variables such as their gender and entry qualification for the integrated science course, it 
revealed some striking differences as shown in table 10.3(b). Generally, more male 
students showed higher agreement to the items with lower cases of disagreement and 
neutrality (undecided) than their female colleagues. Similarly, holders of the General 
Certificate of Education (GCE) showed higher agreement to the items as well as showing 
lower cases of disagreement and neutrality than those whose background qualification is 
the Grade II certificate. This shows that female students and holders of the Grade II 
teachers' certificate are less likely to see the items A- H as the subject matter of integrated 
science than do male students and holders of the General Certificate of Education (GCE). 
Table 10.4(a): Student teachers' perception of integrated science pedagogies (i.e. 
ways it might be taught in schools) 
Integrated science Pedagogies Student Teachers' Responses (F&%) 
Agree Undecided Disa tree 
1. Class discussion of social issues related to science 
should be considered an important type of school 
science lesson. 
131 (91) 8 (6) 5 (3) 
J. The selection of aims for science courses and its 
teaching should take into account the everyday life of 
the students. 
121 (84) 14 (11) 9—(6) 
K. Science schemes should be developed on a 
suitable psychological theory of learning. 
121 (84) 17 (12) 6 (4) 
L. A guided discovery approach to establishing 
concepts and generalisation should be used. 
86 (60) 33 (23) 25 '117) 
M. Collaboration with teachers in departments other 
than sciences is necessary in order to integrate science 
in the curriculum. 
114 (72) 26 (18) — 14(11) 
N. Team teaching is an effective way of teaching 
integrated science. 
111 (77) 16 (11) — 17(12) 
0. Work in science should be evaluated on the basis 
of students' ability to solve problems, not on the recall 
of an particular contents. 
118 (75) 23 (16) 13 (9) 
42—(29) P. Students should be engaged in analysing critically 
pieces of scientific journalism which should be 
considered just as much as a way of testing 
understanding as having to answer a question on such 
topics as osmosis, magnetism or thermodynamics. 
57 (40) 45 (31) 
Table 10.4(a) shows that, generally, the student teachers agreed with items I-P as 
relevant pedagogies (ways integrated science could be taught in schools); the strength of 
agreement isn't as high as shown for the integrated science descriptors. More students 
remained undecided for most items than they disagreed. All, except two, of the 
pedagogies had over 70% each of the students' consensus as meaningful strategies for 
teaching integrated science in the school. 
Only item L (a guided discovery approach to establishing concepts and 
generalisation should be used) and 
item P (students should be engaged in analysing critically pieces of scientific 
journalism which should be considered just as much as a way of testing 
understanding as having to answer a question on such topics as osmosis, 
magnetism or thermodynamics) 
had 60% and 40% students acceptance respectively as methods that could be useful for 
teaching integrated science in schools. Nevertheless, the two items were neither strongly 
objected to as useful pedagogies, rather, most of the students remained 'undecided' on 
their suitability. 
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Table 10.4(6): Response pattern of students by gender and basic qualification (GCE 
& Grade II) to the integrated science pedagogies. 
Item AGREE (%) UNDECIDED (%) DISAGREE (%) 
M F GCE GdI1 M F GCE GdII M F GCE GdI1 
1 92 91 94 92 6 3 4 4 2 5 — 2 4 
J 85 86 87 88 9 7 7 8 6 7 6 4 
---g 88 81 85 86 7 17 11 12 5 2 4 2 
L 66 53 61 70 15 31 22 18 19 16 17 12 
M 72 62 72 72 15 26 16 14 13 12 12 14 
N 79 76 77 78 9 12 8 16 12 12 15 6 
0 77 74 72 82 15 16 18 11 8 11 11 8 
P 44 40 37 53 33 22 31 24 23 38 32 23  
N = 144: [M = 86, F 581; [GCE = 93, Grade II = 51]. 
Although the responses of the students by gender and qualification to the 
pedagogical items in table 10.4(b) above revealed no strong striking features with respect 
to the variables considered, there are notable differences. The female students show lower 
agreement to the items as well as show higher tendency to disagreeing with or remaining 
`undecided' on the items than their male counterparts. This higher positive response by 
the male students was also revealed in their responses to the concept on integrated science 
described in table 10.3(a &b). 
Considering the responses to the integrated science pedagogies by the GCE 
holders and holders of the Grade II teachers' certificate, the converse is the case. Holders 
of the Grade II certificate show higher agreement to the pedagogies and less tendency to 
disagreeing with or remaining undecided on the items than their GCE counterparts. This 
result is not surprising as the Grade Il teachers' certificate holders have the advantage of 
having gone through professional training to teach in the primary schools before 
embarking on this further teacher training for the secondary. Their GCE colleagues are 
however encountering professional training for the first time, particularly for those 
receiving their training for the Nigerian Certificate of Education (NCE). 
From the list of sixteen statements (A-P), the students were requested to select 
any five which they consider most essential in describing the meaning of integrated 
science in schools. The frequency chart (Figure 10.6) below gives details of the students' 
opinion. 
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Figure 10.6: Student Teachers' choice of Five statements that best describes the 
meaning of Integrated science in schools. 
N = 144 
A 	 F 	 I J K LMNO 
STATE? V ABOUT INTEGRA FED SCIENCE 
Figure 10.6 above shows that over 60% of the student teachers subscribed to the 
statements A - E as the best five which essentially describes the meaning of integrated 
science in schools. In other words the students strongly believe that the main subject 
matter of integrated science in schools are : 
- the acquisition of basic knowledge in the basic natural sciences and the earth sciences; 
- exploring the fundamental unity in all scientific knowledge; 
- the development of scientific attitudes; 
- develop competence in the unified scientific process skills; and 
- understanding the conceptual unity of the sciences. 
Indeed the students' choice of the statements that best describe the meaning of integrated 
science is identical to those selected by the secondary school classroom teachers (fig. 9.9 
page 207). This choice by the students certainly represents more of the broad meanings of 
integration in science (Chapter 3) than their personal definitions offered in section 10.3 
where most of the students subscribed to defining integrated science as a subject which 
teaches combined subject matter from biology, chemistry and physics. 
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Following the students' responses to the questionnaires, interviews were 
conducted with about five (5) students from each institution. The interviews, based more 
on the questionnaire questions, were intended to give support to their written responses. 
Of about 42 students interviewed in this way, 81% show consistency with the trend of 
questionnaire responses analysed above. Only 19% changed their opinions on three of the 
items: 
- G ( Science courses should have strong links with environmental education); 
- M (Collaboration with teachers in departments other than sciences is necessary in order to integrate 
science in the curriculum); and 
- P (Students should be engaged in analysing critically pieces of scientific journalism 
which should be considered just as much as a way of testing understanding as having 
to answer a question on such topics as osmosis, magnetism or thermodynamics). 
They had interpreted and responded to these three statements differently when responding 
to the questionnaires. However, when the statements were elaborated upon (luring the 
interview, the students changed their initial responses from 'undecided' in favour of 
'agreement'. They now saw some relevance of the items as descriptors or pedagogies for 
integrated science in schools. 
Although both the questionnaire and the interview responses by the students 
showed high agreement with the statements A - P, the impression given by the 
interviewees, in particular, suggested that their experiences of the trends in integrated 
science teaching was not giving them much of the kind of experiences they checked 
"agreed" on the questionnaire. This meant that the students responses to most of the 
statements were likely reflecting more of theoretical and hypothetical convictions than of 
real experiences. 
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CHAPTER 11 
ANALYSIS OF DATA FROM THE TEACHER TRAINERS. 
This section analyses the data obtained from college and university lecturers who 
were responsible for the training of teachers to teach integrated science in schools. A total 
of 60 teacher trainers from the 8 institutions covered by this study responded to the 
questionnaires. The questionnaire, which has a format similar to those used for the 
student teachers and the classroom practising teachers, sought to collect information from 
the teacher trainers about their: 
- perception of the concept of integrated science in schools in Nigeria; 
- views of what they consider to be the most relevant issues for the curriculum for 
training teachers of integrated science in Nigeria; and 
- views about the teacher training for integrated science in their institutions. 
11.1 BACKGROID OF TEACHER TRAINERS. 
The scientific qualifications, educational training and other experiences relevant 
for the job of training integrated science teachers were collected by questionnaire from 60 
teacher trainers. 
This showed that 45% were graduates of biology, 25% of chemistry, 20% of 
physics and 10% of mathematics. While there was a fair spread of the biology lecturers 
within the eight institutions covered in this research, the same is not true of chemistry, 
physics and mathematics lecturers, to the extent that some of the institutions show acute 
shortage of graduate lecturers in some of these disciplines, in particular, mathematics and 
physics. More than 90% of the teacher trainers at the colleges of education were found to 
be professional science educators with less than 10% not professional science educators 
(i.e. they hold qualifications in science disciplines but not trained to teach). The reverse is 
the case with the trainers in the universities. This finding was not surprising since the 
colleges of education were established purely with the objective of training teachers. 
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Consequently, their staff employment policy gives priority to graduates with educational 
expertise. Although the university departments of education train professional teachers as 
do the colleges, they do so entirely through collaboration with other departments (science 
or arts) of the university; their students receive teaching in their teaching subject courses 
at these other departments while the education courses are taught at the education faculty. 
It is therefore a common feature to find that, in the university departments other than of 
education, the trainers are lacking in educational qualification. 
Table 11.1 displays the responses of the teacher trainers to the questions of 
whether they have had any training course for integrated science teaching; and whether 
they felt the job of training integrated science teachers was the most suitable and 
enjoyable work in view of their qualification. 
Table 11.1: Teacher trainers experiences with integrated science and suitability to 
job of training secondary school teachers of integrated science. 
Response Int.Sc training experience Suitability to Job* 
YES 23 (38) 20 (33) 
NO 37 (62) 40 (67) 
o . 60 (100) 60 (100) 
N = 60 
NB: number in brackets are % 
Table 11.1 shows that over 60% of the teacher trainers participating in the training 
of integrated science teachers have not benefited from any integrated science training. 
Similarly over 60% also indicated that, in view of their qualification, they felt that their 
involvement in the integrated science teacher training programme is not the most suitable 
job for them. Hence, for whatever reasons such teacher trainers were participating in the 
training programme, they strongly felt they were in the wrong place. Most of the trainers 
who felt this way were graduates who held no education qualification and neither 
benefited from any training course that could familiarise them with the objectives, 
philosophy and perhaps, the teaching strategies for integrated science. This result could 
* The questionnaire requested the teacher trainers to assess their 'suitability' in terms of whether they 
personally feel they are competent to participate in the training of teachers for integrated science in view of 
their qualification, training and teaching experience . 
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be an indication that the integrated science teacher training classroom is largely 
populated with inexperienced and unenthusiastic staff. 
11.2 DEFINITION OF INTEGRATED SCIENCE BY THE TEACHER 
TRAINERS. 
The teacher trainers description of their understanding of integrated science 
revealed a less wide range of definitions than were presented by the classroom practising 
teachers and the student teachers. While the definitions given by the practising teachers 
and the student teachers were grouped into six categories as displayed in figure 9.5, those 
of the teacher trainers fitted into only three of the six categories. A majority of the 
trainers (57%) described their understanding of integrated science in the context of 
category one: "the teaching of a combination of content materials drawn from biology, 
chemistry and physics"; many of whom also believed that it is an elementary teaching of 
these sciences. About 18% of the trainers, all of whom were professional science 
teachers educators and have also benefited from integrated science training course of 
some sort, described integrated science as an approach to the teaching of science as unity 
(category two). Another 13% saw integrated science as concerned with the inculcation of 
scientific attitudes and the process skills (category three). Only about 12% of the teacher 
trainers were able to offer more broad definitions of integrated science that spanned two 
categories. 
Ten of the sixty teacher trainers (about 17%) responded with "not much" or "it is 
the teaching of elementary science" or left blank spaces, to this question asking them to 
describe their understanding of integrated science. At least this is an indication that this 
group of teachers were participating in a programme they did not quite understand what it 
is all about. This revelation was hardly surprising as the background of these teachers 
shows that most of them were not professional science teacher educators and have neither 
benefited from any training for integrated science teaching. They also indicated clearly in 
their questionnaire responses that the job of participating in training teachers of integrated 
science was unsuitable for them. 
The views of integrated science presented by the teacher trainers as either: 
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- a subject which teaches a combination of subject matter from biology, chemistry and 
physics; 
- an approach to the teaching of science as unity; and 
- the inculcation of scientific attitudes and the process skills, 
reflect bits and pieces of the attributes of the enterprise of integrated science. But most of 
their definitions limited the meaning of integrated science to dealing with one of these 
issue or the other. Only seven (12%) of the trainers had definitions embracing two of the 
categories. This narrow understanding shows that the teacher trainers like their trainee 
teachers and the secondary school teachers did not yet acquire a holistic view of the range 
of interests which integrated science stand for as embodied in the Nigeria Integrated 
Science curriculum and as reviewed in chapter three of this work. 
11.3 TEACHER TRAINING FOR INTEGRATED SCIENCE AND THE 
SEPARATE SCIENCES. 
Teacher training for integrated science teaching at the junior secondary school and 
the separate sciences (biology, chemistry physics etc.) teaching at the senior secondary school, 
go on simultaneously within the institutions. The same cycle of trainers are involved in 
the training in both cases. An attempt was made here to find out what differences exist in 
the training programme of the two types of teacher training. The questionnaire demanded 
of the trainers to say, from their experiences, if there are any differences and to spell out 
what those differences could be. They were further required to list any three significant 
features of their training for integrated science teachers which they consider most 
important in enhancing the trainees' effectiveness for the job. 
Responding to the differences issue in the teacher training for integrated science 
and the separate sciences, twenty two (37%) of the sixty trainers indicated that they saw 
no differences in the two types of training going on in their institutions. A typical respond 
by one of the trainers reads: "I see no difference as the teaching of both courses does not differ in 
any particular way". Most of those who responded in this way did not say why they saw no 
differences in the two programmes even when the two programmes are distinct in their 
conception and target destination of products. The implication of the position taken to by 
some of these trainers is that even though the curriculum of the two training programmes 
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may differ significantly in design and philosophy, they hadn't notice any practical 
difference in the way both courses were being delivered. It's however quite difficult to 
say precisely why this number of trainers felt this way about these two programmes. 
Whether their position was a genuine expression of a fact that both trainings were, 
indeed, poorly organised and executed such that the trainers did not actually notice any 
difference or that because of their lack of any exposure to integrated science teaching and 
professional education. The latter reason is, however the likely inference from this 
research. 
The remaining 38 (63%), a majority of trainers, see the two programmes as 
essentially different. The highlighted differences by the trainers have been classified here 
as: Curricular; Methodological; and Philosophical (figure 11.1). 
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Philosophical 
Figure 11.1: Teacher trainers stated differences between the Teacher Training for 
Integrated Science and the Separate Sciences. 
INTEGRATED SCIENCE VS SEPARATE SCIENCES TEACHER TRAINING 
What The Trainers Think Their Differences Are 
Curricular 
(Integrated science student 
teachers are taught a combination 	
- For the integrated Science 	 - The instructional strategy for 
integrated science student teachers 
emphasises investigative and 
activity oriented approach. Thus, 
more emphasis on 'hands-on-science' 
for the integrated science student 
teachers than with the separate 
science students, who, more often 
than not, have lecture method 
dominating the classroom teaching. 
-Integrated science teachers receive 
training in methods of teaching and 
learning science relevant to the 
junior secondary school level (ages 
12-14), but the separate science 
teachers are being trained for the 
senior secondary level (ages 14-16). 
of subject matter from biology, 
chemistry, physics and other fields 
of science. Separate science students 
however, receive training almost 
exclusively in any one or two 
science subjects. This become the 
teaching subject. 
- The Integrated science curriculum 
embraced a broader scope of science 
as it drew its contents from a wide 
range of different science fields but 
less details are taught of any contri-
buting science subject than are 
possible with their single science 
counterparts. Thus it is the belief 
that the integrated science student 
teachers enjoy only elementary 
treatment of the sciences than the 
separate science students who are 
,specialising in them. 
teachers attempt is being 
made to teach the different 
disciplines of science as 
unity, de-emphasising the 
interdisciplinary boundaries 
but for the separate science 
teachers the disciplinary 
boundaries are maintained as 
each teacher specialises in 
any one or two of the 
sciences. 
More than three quarters of the teacher trainers who listed these differences saw 
the differences purely as an issue of the contents of their curricula. Hence according to 
this group, the only difference between the integrated science teacher training and that for 
the separate sciences is in the fact that the former run a combination of different sciences 
in the curriculum while the latter specialises in any one or two of the sciences 'integrated' 
by the former. 
Few trainers listed the philosophical and methodological differences. The 
credentials of this group of trainers revealed that they were not only professional science 
educators but have also benefited from some training to teach integrated science. On the 
other hand, most of those who saw the difference only as being curricular were mostly 
science graduates without education background and neither benefited from any course 
on integrated science teaching. They were therefore only stating the obvious. 
Teacher trainers were further requested to list any three significant features of 
their training for integrated science teachers which they consider most im portant in 
enhancing the trainees effectiveness for the job. In other words the trainers were expected 
to list some competences hoped to be acquired by a student who go through their training 
course and build competence in handling the job of teaching integrated science in 
schools. Surprisingly, 33 (55%) of the 60 trainers did not attempt to respond to this 
question, most of these were the non-professional science educators. All the same, a 
couple of trainers with this background who have gone through some training for 
integrated science teaching, gave very impressive responses,There was even a significant 
number of science education graduates in this non-response group, many of these, 
however, indicated that they hadn't any experience on integrated science teaching. 
The responses of the remaining 45% trainers offered the following range of 
competenoes which they believe their student teachers would acquire in the course of 
their training to teach integrated science effectively: 
• understanding of the meaning and philosophical basis for integrated science, the 
JSS curriculum and its translation into lesson units; 
• mastery of reasonable subject contents (knowledge) from the fields of science and 
the awareness of methods/resources needed for teaching; 
232 
• the concept of integration is well addressed, de-emphasising disciplinary boundaries 
and attempt to present a holistic view of science; 
• acquire competence in teaching science by enquiry (investigative) and activity base 
approach; 
• develop scientific attitudes and competence in the scientific process skills and 
manipulative skills; 
• acquire competence in improvisation using locally available materials; 
• rich educational background on how children learn science; 
• acquire skills of classroom presentation through practical teaching; and 
• capability of curriculum development and course materials. 
This reflects a range of competencies which are very much identical to those offered by 
the course coodinators(see Network analysis, figure 8.2, page 181). 
In an attempt to find out what problems the integrated science training course 
might be facing, the teacher trainers were, more or less requested to assess the 
programme and list, from their personal experiences, any three things considered as 
bottle-necks to the smooth running of the integrated science teacher training. In other 
words, their observations were to count as the weak points of the teacher training course. 
They were however required to conclude this section by further describing ways they 
think their training programme could be improved for best results. 
Problems listed, as with the classroom teachers and student teachers, relate to the 
curriculum, personnel, facilities/materials and enrolment(admission). The details are 
as follow: 
• Lack of purpose-built laboratories and even when available they are often ill- 
equipped. Most laboratories do not have the services of technicians/technologists 
particularly needed to assist the trainers in organising practical exercises; 
• Lack of textbooks and library facilities; 
• A majority of the teacher trainers lack the necessary training and experiences to 
participate effectively in the programme; 
• Massive curriculum content that encourages rushed work than a careful and 
meaningful teaching. This is particularly worst in institutions where integrated 
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science still flourishes as a single major (combining it with another discipline); Nil: 
only one college was found to run the single major in integrated science. The time constraint for 
curriculum coverage has been more severe for the part-time programme than for 
full-time. This is due largely to the irregularity in the academic calendar caused by 
the incessant unrest that has characterised Nigeria over the years. 
• The admission standard is quite low, as even candidates with eminently weak 
results in the pre-requisite sciences or even worst still, some with none of the 
required basic sciences background, were admitted into the programme. This made 
teaching of the basic science contents tedious and most often such weak students 
tend to find the course difficult to cope with. On the other hand, there is the 
difficulty in finding qualified candidates to enrol for the course; the reason being 
that such qualified candidates resist putting in for the course fearing that a career in 
integrated science has a 'dead end' - that is, its graduates will be restricted to 
teaching only at the junior secondary school level. Secondly, they are at the same 
time apprehensive of what the future holds for those who have ambitions for further 
academic career in integrated science bearing in mind the already existing apathy 
shown by a number of Nigerian universities towards introducing degree courses in 
integrated science. 
The following suggestion were offered by the teacher trainers as ways the training 
programme could be improved: 
• employing and mounting intensive training workshops for the teacher trainers 
particularly to familiarise them with the meaning, philosophy and teaching 
strategies for integrated science; 
• provision of purpose-built laboratories where necessary as well as equipping them 
reasonably; 
• review the curriculum to fit the time scale of training as well as reviewing the 
admission standard/policy to match the demand of the course and maintain a 
reasonable student-teacher ratio for effective teaching and classroom management; 
• provide relevant textbooks and library facility; 
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• make all pre-service teacher training for integrated science full-time in order to lay a 
good foundation which is less likely with the part-time programme often suffering 
regular interruptions from irregularities in the yearly academic sessions. These 
incessant disruptions, usually from unrests, have in the past had a lot of negative 
effect on such part-time programmes with the result that the students are rushed 
through the course. Consequently, the products of the part-time programme tend to 
graduate more disadvantaged than their full-time counterparts. 
• phase out single major integrated science course in favour of the double major 
course. 
11.4: TEACHER TRAINERS' UNDERSTANDING OF THE CONCEPTUAL 
MEANING OF INTEGRATED SCIENCE AND WAYS IT COULD BE 
TAUGHT IN SCHOOLS. 
The teacher trainers questionnaire, like those for the practising teachers and the 
student teachers, presented the trainers with the same list of sixteen statements about 
integrated science. Eight of the statements, referred to in this research as 'descriptors', 
reflect points of views about the meanings of integrated science while the remaining eight 
are pedagogical statements describing ways integrated science could be taught in schools. 
The statements were checked by the respondents to show their understanding of the 
meaning of integrated science in schools in Nigeria. However, while the student teachers 
and the practising teachers responded to the statements with 'agree', 'disagree' or 
'undecided' to show their understanding of integrated science, the teacher trainers 
responded with 'relevant', 'neutral', 'unsuitable' and 'undecided'. Responding in this 
way to the given statements by the trainers was not only to show their understanding of 
intergrated science, but in addition, to reflect the trainer's consent to the item as a relevant 
curriculum issue for teacher training in integrated science (see Appendix C[ii]). 
Responding with 'relevant' to an item means that it fits the trainer's personal view of 
integrated science and the statement could therefore constitute an important element of 
the curriculum for teacher training in integrated science. A response with 'neutral' shows 
that the statement is not a strong subject matter of integrated science and therefore viewed 
by the trainer as neither supportive nor obstructive to the training of integrated science 
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teachers; hence it may or may not be included in the curriculum. The response 'unsuitable' 
suggests that the trainer does not agree with the statement as a subject matter of 
integrated science and therefore, in his opinion, unsuitable for inclusion in the curriculum 
for integrated science teacher training. 'Undecided' means that the status of the statement 
cannot be determined. 
The responses of the teacher trainers are presented in tables 11.2 and 11.3 below. 
The tables made numerical presentations of the trainers' responses relative to their 
background qualifications and experiences with integrated science. In particular, the 
variables considered in analysing the trainers' responses includes their professional 
qualification, that is, whether respondent is a science educator or not, whether trained in 
integrated science or not. Hence, in respect of these variables, the 60 respondents were 
categorised into the following four categories: 
• Professional Science Educator with Training in Integrated science (PSE/T); 
• Professional Science Educator without Training in Int Science (PSE/NT); 
• Non professional educator with Training in integrated science (NPE/T); 
• Non professional educator without Training in integrated science (NPEINT) 
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Table 11.2: Teacher Trainers' understanding of Integrated. Science and Relevant 
Curriculum issues for its Teacher Training. 
Integrated Science Descriptor Teacher Trainers Responses (Frequency. & To) 
Relevant Neutral Unsuitable 'DT Un(kci 
A. The acquisition of basic knowledge in the basic 
natural sciences and the earth sciences 
60(100) - - - 
B. The development of scientific attitudes. 58(96) 1(2) 1(2) - 
C. Exploring the fundamental unity in all scientific 
knowledge. 
60(100) - - - 
D. Understanding the conceptual unity of the 
sciences. 
58(96) 1(2) - 1(2) 
E. Develop competence in the unified scientific 
process skills. 
53(88) 5(8) 1(2) 1(2) 
_ 
F. Exploring the relationship of science and 
technology. 
54(90) 3(5) 3(5) - 
G. Science courses should have strong links with 
environmental education. 
43(71) 12(20) 4(7) 1(2) 
H. The awareness of the limitations of science as a 
basis for dealing with moral and political problems 51(85) 7(12) 1(2) 1(2) 
Integrated Science Pedagogies 
_ 	
_— 
I. Class discussion of social issues related to 
science should be considered an important type of 
school science lesson. 
53(88) 5(8) 2(3) - 
J. The selection of aims for science courses and its 
teaching should take into account the everyday life 
of the students. 
45(75) 13(21) 1(2) 
1(2) 
K. Science schemes should be developed on a 
suitable psychological theory of learning. 
47(78) 8(13) 4(7) 1(2) 
L. A guided discovery approach to establishing 
concepts and generalisation should be used. 
34(57) 15(25) 9(15) 2(3) 
M. Collaboration with teachers in departments 
other than sciences is necessary in order to integrate 
science in the curriculum. 
39(65) 12(20) 7(12) 2(3) 
N. Team teaching is an effective way of teaching 
integrated science. 
46(77) 5(8) 6(10) 3(5) 
0. Work in science should be evaluated on the 
basis of students' ability to solve problems, not on 
the recall of an particular contents. 
36(60) 13(21) 4(7) 7(12) 
P. Students should be engaged in analysing 
critically pieces of scientific journalism which 
should be considered just as much as a way of 
testing understanding as having to answer a 
question on such topics as osmosis, magnetism or 
thermodynamics. 
35(58) 16(27) 5(8) 4(7) 
The result in table 11.2 shows that the integrated science descriptors(A-11) were 
highly regarded by the teacher trainers as important subject matters for integrated science. 
With the exception of item G, which recorded only about 70% acceptance and 20% 
apathetic (neutral) to it, all the items recorded as high as between 85-100% agreement. 
This high relevance level attached to these items by the trainers also suggests, in the 
237 
opinion of the trainers, that they are important issues that can be included in the 
integrated science teacher training curriculum. 
The integrated science pedagogical statements (I-P) were not as highly acclaimed by the 
trainers as *e descriFtwe items .( A I-0 • 	 That is, fewer trainers showed 
clear convictions about the relevance of even fewer pedagogies that could be accepted as 
useful methods of teaching integrated science in schools. Only four of the items (I, J, K 
and N) were widely agreed to (between 75-88%) by the trainers, while the remaining four 
(L, M, 0, and P) recorded between 57-65%. This response to the pedagogics, therefore, 
means that the teacher trainers believed strongly that: 
- the organisation of science lessons to discuss science-related social issues; 
- taking into account the everyday life of the students in the selection of aims for science courses; 
- developing science schemes based on a suitable psychological theory of learning; 
- engaging in team-teaching, 
are all very important and effective ways integrated science might be taught in schools. 
Least support (5 60%) was given to items L(a guided discovery approach to establishing concepts 
and generalisation should be used) and P(students should be engaged in analysing critically pieces of 
scientific journalism which should be considered just as much as a way of testing understanding as having 
to answer a question on such topics as osmosis, magnetism or thermodynamics). This same result was 
observed from the responses made by the student teachers. However, in the case of the 
teacher trainers, when their responses were observed against their background 
qualifications and experiences (table 11.3), it was observed that the low support(rating) 
for the items in particular, arose almost exclusively from the following two categories of 
trainers: 
• the non professional science educators with no training in integrated science (NPFJNT); 
• professional science educators with no training in integrated science (PSE/NT). 
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The general impression given by this result in table 11.3 was that teacher trainers who 
hold professional training in education or without and have not received any training in 
integrated science teaching, tend to respond more with either 'neutral', 'unsuitable' or 
'undecided' to the integrated science 'descriptors' and 'pedagogies' than their counterparts 
who had received training in integrated science.The pattern of responses to the integrated 
science 'descriptor' items(A-H) by the various categories of trainers displayed in table 
11.3 tends to give support to this. The relative percentage proportion of the respondents 
in each category responding either in the 'neutral', 'unsuitable' or 'undecided' are 
summarised below: 
- only 15% and 5% trainers in PSE/T category responded with 'neutral' and 
'unsuitable' respectively; 
- 56% and 9% trainers in the PSE/NT category responded with 'neutral and 
'unsuitable' respectively; 
- one of the two respondents in the NPETT category was 'undecided' for 2 of the items; 
- 60%, 33% and 13% in the NPE/NT category responded with 'neutral', 'unsuitable' 
and 'undecided' respectively. 
On the other hand, the result for the pedagogical items show the following: 
- 50% trainers in the PSE/T category checked 'neutral', 25% and 10% responded with 
'unsuitable and 'undecided' respectively; 
- 74% from the PSE/NT category responded 'neutral', 26% for 'unsuitable', and 17% 
were undecided; 
- the two respondents in the NPE/T category responded 'neutral' and 'undecided' in 
two pedagogies each. Only one of them remained 'undecided' for two other items; 
- 93% of trainers in the NPE/NT category checked 'neutral', 60% for 'unsuitable' and 
33% were 'undecided'. 
The trainers were futher asked to make a selection of any five statement from the 
items A-P which they considered most essential in describing the meaning of integrated 
science in schools. The result of choices made is represented in figure 11.2 below. 
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Figure 11.2: Teacher Trainers choice of five statements that best describe the 
meaning of integrated science in schools. 
N = 60 
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Statements about integrated science 
The teacher trainers' selection of five statements that best describe the meaning of 
integrated science in school (figure 11.2 above) showed that only statements A-E were 
highly subscribed to with over 60% each. This means that the trainers believed that the 
main concern of integrated science in schools are: 
• exploring the fundamental unity in all scientific knowledge; 
• the acquisition of basic knowledge in the basic natural sciences and the earth sciences; 
• understanding the conceptual unity of the sciences; 
• developing competence in the unified scientific process skills; and 
• the development of scientific attitudes. 
The choice of what the teacher trainers saw here as important in describing the 
subject matter of integrated science in schools represent the broader view about the range 
of interests being cattered for by integrated science. All the same when the trainers were 
requested in section 11.2 to make personal descriptions of what they understand by 
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'integrated science', none of them offered a descriptions that was broad enough as to 
embrace a range of the interests. Attempts to interview some of the trainers proved 
difficult, especially with the non professional science educators, as most of them evaded 
me with some flimsy excuses of referring me to the staff of the facul ty of education or 
those concerned with coordinating the programme. Even those who tried to respond to 
interview question about what they think of the integrated science programme, gave me 
the impression that they were involved with the teaching of elementary science 
programme to weak students who couldn't cope with the demand of the regular science 
programmes. Despite this attitude, their choice of what they regarded as important 
statements describing the meaning of integrated science in school were quite impressive; 
at least their choices demonstrated that they were able to recognise or guess what could 
constitute the subject matter of integrated science but, perhaps, could not interpret what 
exactly such statements stand for in the context of integrated science. 
CHAPTER 12 
DISCUSSION 
Integrated science is the basic compulsory science subject taught in the three years 
of Junior Secondary School (JSS) education in Nigeria. However there has been 
sufficient evidence from research over the years that there is a mismatch between the 
training Of teachers (NCE or degree holders) who teach integrated science and what they 
are required to teach (Odubunmi, 1981, Olarewaju, 1983; Balogun 1984; Jegede 1983, 
1989; Maduabum, 1991 and Akinmade, 1988, 1992). The mismatch is that teacher 
training in Nigeria has been based on study of the separate sciences with the result that 
teachers trained under the system find it difficult to cope with demand of the integrated 
approach to science teaching and tend to emphasise in their teaching the disciplines in 
which they feel most confident. 
This research sought to establish the current practices in the training of teachers 
for integrated science teaching in Nigerian schools, by revealing through the eyes of the 
participants the characteristics, quality and appropriateness of the training in fitting the 
teachers to their job of teaching integrated science. 
In specific terms, the study sought to determine: 
• the characteristics of the preservice and in-service teacher training for integrated 
science in Nigeria; 
• the relevance and usefulness of the teacher training programme to the students 
for their roles in schools, bearing in mind the background of the students 
entering the programme; 
• the congruity between the concepts of integration used in the integrated science 
core curriculum for the junior secondary school and that for teacher training; 
• the perception of "integration in science" in schools held by classroom 
integrated science teachers, student teachers and the teacher trainers; to compare 
and contrast their views. 
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Data were sought to answer the following questions: 
1. What are the main characteristic features of the integrated Science teacher 
training programmes in the teacher training institutions in Nigeria? 
2. What is the integration pattern portrayed in the teacher training curricula and 
the junior secondary school curriculum; is there any relationship? 
3. How is the concept of 'integrated science' understood by all participants, that is, 
the classroom teachers, student teachers and the teacher trainers? 
4. How do the same participants perceive ways integrated science might be 
effectively taught and learnt in schools? 
5. How do these participants see their training programme in terms of relevance 
and usefulness in meeting the needs of integrated science teaching in schools in 
Nigeria? 
To address these questions data were collected by means of questionnaires and 
interviews from the integrated science course coordinators, teacher trainers, classroom 
teachers and the integrated science student teachers. The data was presented and analysed 
in chapter 8, 9, 10 & 11 . 
12.1 REVEALED CHARACTERISTICS OF TEACHER TRAINING. 
The 'characteristic features' of a training in the context of this research has been 
described in chapter 8 as concerned with the: 
• entry requirement for candidates wishing to be trained for integrated science 
teaching 
• selection process for admitting the candidates for the course; 
• level of education for which the teachers are being trained (i.e. target for graduates 
of training); 
• total experiences of the student teacher in terms of the taught contents (sciences, 
educational studies and pedagogical courses). 
The result of the data analysed in section 8.1 of chapter 8 in respect of the 
admission requirement for the integrated science teacher training programmes showed 
that all the institutions stipulated credit passes in all the basic sciences (biology, 
chemistry and physics) for any candidate to qualify for admission. This would appear to 
be an essential requirement if the component parts of the subject matter to which the 
trainees are being exposed to is largely made up of these sciences. This is evident in table 
8.2 page 177 and the curriculum analyses done in chapter 6 page 117 . 
In the final selection process of the candidates for the course, almost all the 
institutions depended on the review of the application forms and the evidence of 
qualification (s) enclosed. No interviews were conducted to assist in determining the 
suitability of the candidates especially of the candidates' preparedness, conviction and 
understanding of the implication for their choice. This interview step is considered to be 
particularly important as it would help in selecting the most qualified candidates not only 
in terms of paper qualification but also in their show of interests and potentials for the 
chosen profession. On the other hand it must be recognised that the presumed admission 
procedure expressed here is that which is likely to give the best result when operated 
under a more ideal situation. The ideal situation here refers to the availability of enough 
applicants seeking places for a course. This is not the case with those seeking places for 
the integrated science course such that the training institutions experienced perpetual 
shortage of applicants even to the extent that persuasion is a frequent tool to recruit more 
candidates to enrol for the training. Under this prevailing situation, it is presumed that the 
training institutions see the strict scrutiny of applicants involving interview process as 
trivial and not worth the material expenses and human cost involved. The temptation that 
is likely to emerge from this situation is that the training institutions tend to even relax 
their admission conditions extending to the academic qualification of the candidates. 
Contrary to the expected science background of the admitted candidates, the 
analyses of the students teachers' entry background (chapter 10, section 10.1, figure 10.3 
page 211) revealed that the student teachers have very weak background in the pre-
requisite basic sciences. This is a case of students who were admitted with marginal 
passes (low grades instead of high grades) in the required basic sciences. For instance, of 
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the final year students training for the Nigeria Certificate of Education at the Colleges of 
Education sampled for this research, 63% had biology, 59% had agricultural science, and 
only 30%, 9% had chemistry and physics respectively. A typical student then was one 
with biology/agricultural science background. For the university undergraduate student 
teachers, the case was not different; a typical student had biology/chemistry combination 
(figure 10.4 page 212). In both cases many of the students admitted for the course did not 
possess the stipulated requirement in its strict sense. This is not an impressive starting 
point for some one taking a career prospect in integrated science that has a heavy demand 
to learn biology, chemistry and physics. The point is that a prospective candidate of 
integrated science should be qualified in the basic sciences or at least studied them at the 
secondary school level. This was not the situation found in this study rather most of the 
student teachers had seriously deficient background in these basic sciences not only that 
they failed passing them in the 0/Level examinations but many did not even study some 
of the sciences. More revealing was the students' responses to the questionnaire and 
interview questions which sought to reveal any cases of dissatisfaction with their training. 
It was understood that some of the students were recruited into the integrated science 
teacher training programme, a course they neither applied for nor were interested in . 
Such students were those who applied for single science courses but were found to be 
unqualified for their choices or cannot be accommodated and were therefore 'dumped' 
into the integrated science programme. Such students however, made unwilling 
acceptance of the offer and of course, painfully sacrificing their interest for security of 
any course since the offer now appeared to be the only available opening for fulfilling 
their ambitions for further education. 
This situation brings to light two things going wrong with the integrated science 
teacher training programme: firstly, there is evidence that many inappropriately qualified 
candidates (both in academics and interest) were being trained; secondly, there seems to 
be a prevailing wrong understanding and attitude towards integrated science by the 
authorities in the training institutions which is greatly undermining the programme. To 
such people, integrated science has probably been conceived as a "second best" type of 
science designed for those who cannot cope with separate science disciplines. Certainly 
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this attitude has to change and integrated science must come to be considered as an 
important science of its own standing designed to fulfil some obvious science education 
philosophy; and that it is the most appropriate form of science teaching adopted for pupils 
in the junior secondary school. This means that integrated science must be given equal 
recognition alongside other components of the school curriculum. Serious consideration 
need not only to be given to the status of integrated science, but of the teachers being 
trained. The barriers to better training of teachers of integrated science arise from the 
status and future of its graduate teachers. The dilemma that haunts the student teacher and 
the practising teacher of integrated science is that of the career prospect in integrated 
science and the almost total confinement to teach at the JSS level, that is, no promotion 
prospect. They see themselves as venturing into what could be described as a 'close-
ended professional field'. The point here is that integrated science is seen first and 
foremost as a non discipline and so there can be no further professional growth for those 
interested in pursuing in-depth disciplinary qualifications. While this is possible with 
other science disciplines, integrated science cannot provide motivation. Secondly, the fact 
that integrated science education has a status only at the junior secondary school level and 
all the teacher education programmes going on in the country should be to support the 
teaching of integrated science at this level. This being the case, its teachers believed that 
to train them purely and exclusively as integrated science teachers, is like caging them at 
the JSS level with all the derogatory stigma attached to integrated science by the public 
and colleagues who teach at higher levels. 
Most of the training institutions for integrated science teachers believe that they 
were training their teachers to qualify for teaching integrated science at both the primary 
and the junior secondary school levels (ages 6-12 and 12-14 respectively). In the same 
way it was also claimed by the universities that their integrated science graduates were 
also to handle the training of other integrated science teachers at the colleges of education 
level. One thing is clear, the fact that integrated science education has a profound status at 
the junior secondary school level and only in recent years integrated science began to find 
its way into the primary school classrooms. In spite of the spread, it has never been 
claimed or implied any where that the implementation of the JSS integrated science is a 
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success story, rather the reverse is the case. The dearth of relevantly trained integrated 
science teachers is a major contributing factor. It is therefore quite worrying and 
confusing when training institutions hold such ambitiously broad objectives for their 
training programmes. The ambitious expectations for their graduates to be able to cope 
with teaching integrated science at the primary school level and other levels for which 
their training did not provide for, is quite unreasonable. This is particularly so when one 
considers the fact that not only do the syllabuses, teaching and learning styles differ at the 
different school levels, the needs of the students also vary significantly with age and 
experiences. Given this unfocused training objective by the institutions, one wonders how 
well prepared are these teachers to cope with the wide expectations. The implication is 
that they might not even be well prepared for their primary role at the junior secondary 
school level which raises futillee doubts about' their effectiveness in discharging their duties. 
This might as well be a point for the training institutions to sharpen their training 
objectives to focus on the different levels of integrated science. 
Turning to the issue of the total training package which the student teachers of 
integrated science go through in the course of their training, it was revealed that the 
integrated science training curricula have been developed from a substantial synthesis of 
subject matter, principally from biology, chemistry and physics (table 8.2 and figure 8.1). 
Other disciplines/fields of study also included in include earth and space sciences, 
environmental sciences, mathematics, health science and science & technology. The 
manner in which these contents have been arranged(integration pattern) in the curriculum 
is discussed in the next section (section 12.2). The distribution of credit units for the 
colleges of education curriculum components show that the science component has about 
60% of the credit units, educational studies has about 20%, while science pedagogies and 
teaching practice hold about 10% each. A comparison of the credit units of the NCE 
curriculum components of the colleges of education and those of the university degree 
programmes (figure 8.2, page 177) showed that the integrated science course at the 
university level has higher work load than the colleges. However the teaching practice 
exercise is given more significance at the colleges than at the universities as indicated by 
the allocation of low credits to it at the universities. In general, it appears, more 
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importance is attached to students spending more time on theoretical knowledge at the 
expense of practical teaching. This situation of de-emphasising or playing down the 
importance of teaching practice in the training of a teacher may well lie at the heart of the 
problem of inadequately trained teachers. Practical teaching must be seen as an important 
and an integral part of the training of a teacher, this is particularly relevant for integrated 
science in developing and perfecting some skills where a wide curriculum coverage is 
required. 
Figure 8.2, page 181, is a network analysis of responses to the questionnaire and 
interview questions by the course coordinators on what they thought were the abilities 
and skills intended to be developed in their trainee teachers of integrated science. The 
network, more or less a summary of the total experience for the integrated science student 
teachers, further highlighted three domains of abilities expected to be developed in the 
trainee during the training. The outline of the abilities, as appear on this network in quite 
comprehensive and would be reasonably sufficient in imparting the expertise necessary to 
cope with the effective teaching of integrated science. However, the ideas which have 
been synthesised in the network are those of the course coordinators; it is certain that few 
teacher trainers participating in the programme hold this same understanding about the 
training as was revealed from their reaction to similar questions (chapter 1 i, section 
11.3). If this is the case, it then meant that the network gives only a theoretical picture of 
what the course coordinators and some of the trainers thought should be happening in 
their training classroom. It must also be pointed out that no single coordinator showed 
evidence of holding a holistic view of the range of competencies represented in the 
network and neither was any trainer able to represent his ideas in this way. Indeed less 
than a half of the trainers were able to give responses fitting the network analysis (see 
section 11.3 pages 229 - 234). 
12.2 TEACHER TRAINING AND THE JSS INTEGRATED SCIENCE 
CURRICULA ANALYSED. 
The integrated science curricula for teacher training at the Nigeria Certificate of 
Education (NCE) and degree levels and that for the Junior Secondary School (JSS) for 
which the teachers were being trained to implement were analysed. The objective for this 
exercise was to enable the researcher understand, may be subjectively, the Meaning, 
Scope and Intensity of integration in science demonstrated (explicit or implicit) in the 
curricula. The concept of integrated science, as discussed and observed in chapter 3 of 
this research, is a very complex one: one which grows slowly and communication gaps 
exist. Integrated science is a term that came into general usage after the UNESCO 
Congress on the Integration of Science Teaching held in Varna, Bulgaria in 1968. This 
was not just a new term for what had been known as general science, it was a new 
concept of what was needed in a science curriculum. The Varna Congress discussed the 
need to bring school science education closer to science as it actually is. The emphasis 
was on the philosophy and sociology of science. Blum (1973) and Brown (1977) each 
attempted to classify various conceptions of integrated science in the first decade of the 
innovations. Somewhat later, Haggis and Adey (1978) reviewed trends and the diversity 
of curricula, world-wide as far as was possible, and uncovered a great variety of 
interpretations and applications. 
12.2.1 Analysis of the JSS Integrated Science Curriculum. 
The JSS integrated science curriculum was conceived and designed as a response 
to the fact that Nigeria, in common with most African states, has insufficient well 
qualified school-leavers in the sciences to meet the needs of an increasingly technological 
society. It was, therefore, designed with a wider objective of preparing more students for 
careers in science and technology. The integrating principles for the integrated science 
curriculum, specified by the curriculum document, were intended to produce a course 
which is relevant to the students needs and experiences; stresses the fundamental unity of 
science; lays adequate foundations for subsequent specialist study, and adds a cultural 
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dimension to science education (Fed. Min. of Education, 1985). The thematically-based 
integrated science curriculum has been adopted as the most appropriate form of science 
education for all students in the Junior Secondary School. 
The analysis of the JSS curriculum carried out in chapter 6, examined the 
provision for the range of meanings for integration in science as: 
• unity of all knowledge; 
• conceptual unity of the sciences; 
• processes of enquiry; 
• social relevance of science; 
• interdisciplinarity (scope). 
The determination of the meaning of integration in the curriculum in terms of 
'unity of all knowledge', was done by examining the fitness of the topics under their 
respective themes. The fitness of a topic, placed under a themes, was examined to see if it 
fitted logically(from common sense) into the range of knowledge expected to appear 
under such an overall theme. The six socially appealing themes (You as a living thing; You 
and your home; Living components of the enviromnent; Non-living components of the environment; 
Saving you energy; and Controlling the environment) do not appear to have been chosen to 
enable 'tight fits' of subject matter but are rather loose, accommodating a range of 
contents from a good number of disciplines. The themes and topics under them have been 
spirally arranged from the first to the third year of the JSS. The suitability of the 
topics/contents and their arrangement under themes and years of study (spiral 
arrangement) might have been largely influenced by commonsense notion of 
development of children and not by any specific theory of cognitive psychology of 
learning. At the time of this field work there was no evidence of the availability of a 
guide or any document for that matter, that could give insight into the integrating factors 
that guided the arrangement of subject contents under themes. Should this be the case, the 
question is, how does the teacher who implements the curriculum understand the 
intention of the curriculum developer? Certainly, leaving the teachers to just common 
sense interpretation of the curriculum could be misleading and holds a negative 
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implication for the entire programme. The tendency is that teachers just teach moving 
from topic to topic in no particular order and without making links. 
The analyses for the provision of integration in the JSS curriculum in terms of 
'conceptual unity of the sciences', 'processes of enquiry', 'social relevance' and 
'interdisciplinarity' in chapter 6, section 6.3 (page 123) revealed that there is significant 
attempt to reflect them in the curriculum. With the exception of integration in tern's of 
the 'conceptual unity of science' which has been sparingly reflected, all the other four 
show extensive evidence of provision in the curriculum. The curriculum in particular 
showed considerable interdisciplinary scope, drawing its contents from a wide range of 
disciplines (see table 6.5(b) and figure 6.1). Subject contents integrated were found to 
have been drawn mainly from biology, chemistry, technology, health science, 
earth/environmental sciences and agricultural science. Thus, there is evidence that the 
curriculum was designed to: 
• draw on everyday experiences and take account of different stages in the child's 
development; 
• provide a balanced science curriculum which stresses the unity of science content 
and processes; 
• lay an adequate foundation for subsequent study in science and technology; 
• provide a basic understanding of the role and function of science and technology in 
everyday life; 
• relate to the differing environmental conditions found in Nigeria. 
The intensity of integration in the JSS curriculum fits reasonably Blum's (1973) 
'amalgamated' category. He defines an 'amalgamated curriculum' as one in which an 
interdisciplinary topic or issue forms the unifying principle. 
The result of the analyses has shown that the Nigeria Integrated Science core 
curriculum for the junior secondary school compared to those for its teacher training has a 
unique and reasonable concept of integration. That is, it is easy to identity from the JSS 
curriculum the deliberate attempts made to integrate knowledge from different disciplines 
conforming to the general concepts of 'integration in science' reviewed in chapter 3. 
12.2.2 Patterns of integration in the Teacher Training Curricula. 
The teacher training curricula examined were those of the Nigeria Integrated 
Science Teacher Education Project (in use at the Colleges of Education) and for two 
universities. 
The NISTEP curriculum in use at the colleges of education, although fashioned in 
the form of courses, had themes (titles) around which subject contents were built. It has a 
thematic approach with spiral arrangement similar to the design in the JSS curriculum. 
The use of themes for the courses were attempts to provide for the meaning of integration 
as 'unity of knowledge'. However, unlike the more interdisciplinary themes used in the 
JSS curriculum, the NISTEP curriculum is clearly less interdisciplinary as such 
themes(titles) were selected reflecting specific science disciplines from which they have 
been taken. For instance, it is easy to tell that a theme like 'statics & dynamics' is of physics 
origin; 'carbon compounds' is from chemistry while the title 'transport, control, skeletal system & 
development in living things' is biological. Similarly, contents under each of these themes 
reflect, almost entirely, the characteristics of these disciplines. With this characteristics, 
the NISTEP curriculum fits Blum's description of a 'combined curriculum' category. 
This is when a science programme would involve developing chapters or organising other 
major units round headings taken from the different disciplines. The design of the 
curriculum in this way is not surprising as this was made to fit the teaching pattern of the 
integrated science courses in the colleges of education. The various science departments 
in the college handle the different courses relative to their expertise. 
In providing for the meaning of integration as 'social relevance of science', the 
NISTEP curriculum was found to show very high prominence (appendix F). That is the 
content of the curriculum contained a large amount of information considered important 
for the student's better understanding of science and its implication for himself, his home, 
his environment, his culture as well as his society and country. 
For integration in the NISTEP curriculum via the conceptual schemes and/or 
major concepts, very little attempt has been put in this direction. Even with an explicit 
intention that the curriculum will make constant reference to unifying concepts such as 
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energy, conservation, balance and cycle in nature etc. there is little evidence of this 
intention in the design of the curriculum. This 'silence' would as well be taken to mean 
that the job of realising integration in this way largely lies with the teachers of the course 
who have to use more of their initiative in recognising and deciding when it's appropriate 
to do so as they attempt to implement the curriculum. In fact this low prominence in 
featuring integration via major concepts and/or conceptual schemes in the NISTEP 
curriculum is similar to the observation made in the JSS curriculum. It has been claimed 
by Abah, (1991) that this phenomenon of low prominence is strongly suggestive of the 
possibility that strategies aimed at achieving maximum integration as the "social 
relevance of science" may technically repress the chances of achieving full integration as 
the "conceptual unity of the sciences" and vice versa in the same curriculum. 
The NISTEP curriculum shows a wide scope of interdisciplinary integration 
involving the physical sciences, biological sciences, earth sciences, mathematics, and 
technology; drawing more heavily on biology, chemistry and physics than the other 
disciplines. There are also reasonable number of themes/topics (e.g. man and energy; ma in the 
environment; environment and population; science and society etc.), which centre on the utility of 
science (the social relevance of science), which is another important facet of integration 
in science. The trend reflected in the scope of integration and provision for the social 
relevance of science in the NISTEP curriculum is quite similar to that of the JSS 
curriculum. There are noticeable differences only in the intensity (depth and breadth of 
contents) and style of integration. Indeed it is expected that the teacher training curricula 
should have a greater intensity than that which the teachers are being prepared to 
implement. For the assumption is that the more knowledgeable teachers are. the more 
confidence they have in themselves and their teaching, hence the need to expose them to 
broader and in-depth study of the discipline they will be teaching in school. 
The teacher training curricula in use in the two universities have their contents 
designed completely in the form of modular course units with no deliberate attempt to 
portray integration through thematic approach (unity of all knowledge). That is to say the 
content of the courses are seen and taught as separate packets of knowledge and process 
with little over-lapping content with other courses. These courses which have been drawn 
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directly from their originating parent departments, have a few of them arranged spirally. 
The only pattern of integration that is clearly identifiable in both curricula is the 
'interdisciplinarity' (scope)-drawing from several disciplines and the 'social relevance of 
science'. Other meanings of integration like the 'conceptual unity of the sciences' and the 
'processes of scientific enquiry' feature more prominently and separately in the 
methodological and pedagogical courses. In other words they are given more or less 
theoretical treatment in the department of education. This means that the students have 
more opportunities of being taught about what they are rather than getting opportunity of 
being engaged into the enquiry process and learn how they are through contents. This 
sharp division in the training process can hardly be believed to offer much opportunity of 
a practical experiences to the students. Furthermore this research suggests that most of the 
professional scientists participating in the teacher training lack adequate background in 
education as well as relevant experiences with integrated science teaching. This makes it 
more difficult to think that such trainers can make the concept of integration more real 
and practical (where possible) in their teaching of the science contents to the students 
which would certainly benefit the students more. It is not being suggested here that the 
professional scientists should also be seen to take responsibility of teaching the 
pedagogical aspects of the curriculum; it will be unreasonable as it would certainly be 
making too much demand (work load) on such trainers. But the case being made here is 
that because of the special and unique nature of integrated science in schools, trainers of 
teachers should be more informed and sufficiently armed with the special needs of the 
training. If this has not been the case, then it might as well be difficult to hold in 
confidence that the products of such a training would really understand and teach the 
subject of integrated science in the very best perspective. The trainees are most likely to 
perceive integrated science and ifraching in the same manner as those having the most 
influence in their training; in this case, the professional scientists whose course work take 
about 60% of the training. For teachers, it is said, teach as they themselves were taught. 
Nonetheless by this line of reasoning, it must be stressed that it shouldn't be construed 
here that the author intended to give the impression that the teaching of the integrated 
science should be an exclusive business of the professional science educators in the 
255 
departments of education, but rather pointing to the more crucial need to train every 
participant in the relevant skills. 
12.3 PERCEPTION AND UNDERSTANDING OF INTEGRATED SCIENCE BY 
STUDENT TEACHERS, PRACTISING TEACHERS AND THE 
TEACHER TRAINERS IN NIGERIA. 
The research attempted to obtain from the integrated science practising teachers in 
schools, student teachers and the teacher trainers in colleges and university departments 
of education their perception and understanding of integrated science in schools in 
Nigeria. This was thought to be important as it was hoped to signal any disparity between 
the intended (as in the curriculum) and its implementation (as indicated by the 
understanding of the participants). 
Personal definitions of integrated science given by these participants and analysed 
in chapters 9(section 9.2 page 195), 10(section 10.2, page 213), 11(section 12.2, page 
228) showed that they perceived and understood integrated science in the following ways 
and in order of popularity (see also figure 9.6 page 201): 
• a subject which teaches a combination of subject matter from the basic sciences 
of biology, chemistry and physics in particular; and other scientific fields in 
general; 
• an approach to the teaching of science as unity, stressing the interdisciplinary 
relationship and de-emphasising the traditional boundaries between science 
disciplines.; 
• a subject which teaches about the scientific attitudes and process skills; 
• teaching about man and the environment; 
• teaching about the living and non-living things; 
• a subject which teaches about the world/universe. 
Defining integrated science as "a subject which teaches a combination of contents 
from the biological and physical sciences as well as a measure of some other scientific 
fields" was most popular among all the groups of respondents irrespective of their 
qualification, training and teaching experience. The popularity of the first definition on 
the list is a finding that is quite similar to results of some earlier researches undertaken to 
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find out how pre-service and in-service teachers of integrated science in Nigeria 
understand and teach integrated science in schools (Olarewaju, 1983; Jegede, 1983; 
Akinmade, 1988b, Maduabum, 1990; Nkpa, 1991). This result is quite an unimpressive 
progress as even after a decade not much has changed from the understanding held about 
integrated science by teachers of integrated science. The understanding of integrated 
science in this way did not even differ with qualification, training and experiences of the 
participants. This is to say that even those who claimed to have benefited from some sort 
of training to teach integrated science did not show any significant departure from this 
view that integrated science as merely concerned with teaching combined contents of 
biology, chemistry and physics. Nonetheless defining integrated science as in categories 
2&3 above were more popular among school teachers and teacher trainers who were 
professional science teachers, had training to teach integrated science and had many years 
of teaching experience. Similarly it was only teachers with this type of background that 
offered definitions of integrated science reflecting broadly the range of interest covered 
by the subject. Teacher trainers who were non-professional science educators show less 
understanding about the main concern of integrated science by either offering no 
definition at all or showing very narrow understanding, popularly of the type in category 
one above. Perhaps because of this preponderance of less qualified integrated science 
teacher trainers, the student teachers (who were then final year students), could not, as did 
most of their trainers, demonstrate any more impressive perception and understanding of 
integrated science. This finding that the integrated science teacher training institutions 
had more less qualified staff (by training and experience), makes it difficult to believe 
that the graduates of such a training could be any better prepared for their job at the 
secondary or elsewhere. Indeed the definitions of integrated science by the students 
analysed in section 10.2 showed similar trend of understanding as those of their trainers. 
The research further presented all the participants with two sets of summary 
statements (extracts from literature) - see table 12.1 below. In one set, "integrated science 
Descriptors", each statement reflects a point of view about the meaning of integrated 
science and in the other, "integrated science Pedagogies", they reflect point of views 
about ways integrated science might be effectively taught in schools. The respondents 
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were instructed to respond to these statements to further show their understanding of the 
conceptual meaning of integrated science and ways they thought it might he taught in 
schools. Details of responses within groups are analysed in sections 9.4, page 203; 10.4, 
page 220 and 11.3, page 235. 
Table 12.1: Popularity of statements describing the meaning of integrated science 
('Descriptors') and ways it might be taught in schools ( 'Pedagogics') 
among the student teachers, practising school teachers and the teacher 
trainers. 
Integrated Science Descriptor "' 
	
, 	 n 	 . 	 - 
Student Trs.. 	 School Trs 
N = 144 	 N = 52 
I 	 'Fr. Trainers 
N = 60 
A. The acquisition of basic knowledge in the basic natural 	 136 (95) 
	 52 ( 1 ()0) 
sciences and the earth sciences 
60( 1 00) 
B. The development of scientific attitudes. 	 135 (94) 	 50 (96) 58(96) 
i C. Exploring the fundamental unity in all scientific 	 0 (90) 	 51 (98) 
knowled le. 
60(100) 
D. Understanding the conceptual unity of the sciences. 	 (85) 	 47 (90) 58(96) 
E. Develop competence in the unified scientific process 	 128 (89) 	 44 (85) 
skills. 
53(88) 
F. Exploring the relationship of science and technology. 	 19 ((8 ) 	 45 (86)  i 	 54(90) 
G. Science courses should have strong links with 
environmental education. 
93 (65) 	 6 (88) 43(7 ) 
H. The awareness of the limitations of science as a basis for 
dealing with moral and political problems 
1 	 (92) 	 2 	 (40) 51(85) 
Integrated Science Peda o ies 
Po 	 YPe 
1 	 1 (91) 26 (50) ' 	 53(88) 
121 (84) 45(75) 
K. Science schemes should be developed on a suitable 
.s cholo 1 ical then 
	
of learnin : . 
121 (84) 40 (77) 47(78) 
— 	  
L. A guided discovery approach to establishing concepts 
and generalisation should be used. 
6 (60) 49 (9 i) 731(57) 
_ 
M. Collaboration with teachers in departments other than 
sciences is necessary in order to integrate science in the 
curriculum. 
104 (72) 30 (58) 39(65) 
N. Team teaching is an effective way of teaching integrated 	 1 (77) 
science. 
(65) 46(77) 
_ 
0. Work in science should be evaluated on the basis of 
students' ability to solve problems, not on the recall of an 
	 108 (75) 
' articular contents. 
41 (79) 36(60) 
P. Students should be engaged in analysing critically pieces 
of scientific journalism which should be considered just 
	 57 (40) 
as much as a way of testing understanding as having to 
answer a question on such topics as osmosis, magnetism 
or thermod 
	 amics. 
37 (71) 35(58) 
_ 	  
Contrary to the way the respondents showed their understanding of integrated 
science when asked to defined it, their rating of the statements reflected more broad 
perception and understanding of integrated science than was possible in their personal 
definitions. However, a closer look at the pattern of responses did reveal certain 
noticeable traits embedded also in their personal definitions. For instance, the high choice 
of the statement "the acquisition of basic knowledge in the basic natural sciences and the 
earth sciences" by almost all the respondents as important and necessary in describing the 
meaning of integrated science matches closely the most popular definition of integrated 
science as "a subject which teaches a combination of subject matter from the basic 
sciences of biology, chemistry and physics in particular; and other scientific fields in 
general". Secondly, the popularity of the statements describing the meaning of integrated 
science among all groups of respondents (table 12.1 above) was in the following 
decreasing order: 
- the acquisition of basic knowledge in the basic natural sciences and the earth sciences; 
- exploring the fundamental unity in all scientific knowledge; 
- the development of scientific attitudes and competence in the unified scientific process skills; 
- understanding the conceptual unity of the sciences; 
- exploring the relationship of science and technology; 
- relevance of science to environmental education; and 
- the awareness of the limitations of science as a basis for dealing with moral and political 
problems. 
The trend shown in the rating of these statements reflects very closely to some 
extent, certain elements of compatibility with the categories of definitions developed out 
of the respondents personal definitions represented in figure 9.5, page 197. 
However, in their responses to the integrated science pedagogies, there was less 
unanimous pattern of agreement between the different groups of respondent as was with 
the 'descriptor' items. There were noticeable variations between the groups in their 
responses to the different items. The responses of the practising school teachers in 
particular were more varied from those of the student teachers and the teacher trainers 
which show more similarities across most of the items. Despite the variation, the relative 
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popularity of the items as effective methods of teaching integrated science in schools 
shows that two items (J&K in table 12.1 above) were highly and unanimously agreed 
upon by over 70% each of the three groups of respondents. Although responses to the rest 
of the items varied widely, the responses to many of the items by the teacher trainers and 
their students in particular seems to show similar level of support relative to that shown 
by the school teachers. This phenomenon could probably be attributed to the influence of 
the trainers on the student teachers. 
When the responses were further examined against other variables of the 
respondents such as their qualification, gender, training in integrated science, and 
teaching experience, the following observations were made: 
• student teachers who hold the General Certificate of Education (from secondary 
education) show higher tendency to agree with the statements describing the 
meaning of integrated science, than the holders of the Grade II Teachers' Certificate 
(from teacher training college for primary education) -see table 10.3b. By the nature 
of their curriculum, those with secondary school education background should have 
been more exposed to science disciplines than their counterparts from the teacher 
training colleges. This finding seems to suggest that there is a more positive 
relationship between a GCE background and a good chance of excelling in 
integrated science education. In other words, students with background in secondary 
education are likely to be better prepared for integrated science education than 
holders of the Grade II Certificate. In any case it could not be concluded strongly 
here that the observed difference in their responses is a sole factor of this difference 
in background. 
The reverse was the case in the responses to the pedagogical statements; that is 
holders of the Grade II Certificate agreed more to the pedagogies than did the GCE 
holders (see table 10.4b). This difference could be related to the very fact that the 
Grade II teachers' Certificate holders had the advantage of having gone through 
professional training to teach in primary schools before embarking on this further 
teacher training for the secondary. They would have been familiar with the 
principles and practices in education to place them on an advantage of making more 
260 
sense of these pedagogics than their GCE colleagues (training for the NCE in 
particular) who were encountering professional teacher training for the first time. 
Male students also tend to agree more highly with both set of statements than their 
female colleagues. 
• Teacher trainers who were either professional or non-professional science educators 
but have had no any form of training for integrated science teaching show low 
perception of the relevance of the statements (A-P) in describing either the meaning 
or ways integrated science might be taught in schools. But trainers who have 
enjoyed training in integrated science, no matter their qualification, showed more 
positive support for the statements. 
Of the sample of sixty (60) teacher trainers, only 15 (25%) were females and less that 
half of them claimed to have had any training in integrated science. There was 
however no evidence of the gender factor having any influence on the trainers' 
pattern of responses other than the factor of training in integrated science. 
The preponderance of the untrained teacher trainers in all the training institutions 
sampled in this study has an obvious negative implication for the whole integrated 
science programme in these parts of the country and Nigeria at large. That the student 
teachers would not be relevantly trained means that when the job for which they were 
being prepared is placed in their hands, other objectives other than those which the 
designers of the curriculum intended are pursued. 
The student teachers, practising teacher and teacher trainers were given the chance 
to choose from the list of sixteen statements about integrated science any II ye which in 
their opinion best describe the meaning of integrated science in schools in Nigeria. The 
result of this exercise is presented in figure 12.1 below (see also figures 9.9, page 207; 
10.6, page 224 & 11.2, page 241). 
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The picture given by figure 12.1 suggests quite strongly that the choice of five most 
important statements that best describe the meaning of integrated science in schools was 
unanimous for all the three groups of respondents. Apparently items A, B, C, l) & E were 
the most highly favoured of the sixteen statements. This means that student teachers, 
practising teachers and the teacher trainers agreed on the following statements as best 
describing the meaning of integrated science; the list is in order of popularity of the 
items: 
• exploring the fundamental unity in all scientific knowledge; 
• the acquisition of basic knowledge in the basic natural sciences and the earth 
sciences; 
• the development of scientific attitudes; 
• develop competence in the unified scientific process skills. 
• understanding the conceptual unity of the sciences; 
No doubt, this choice presents an impressive description of some of the broad 
interest integrated science is intended to serve. Indeed, large proportions of the 
respondents subscribed to each of these statements as meaningful in describing the range 
of interests integrated science caters for. Whether this broad perception of the issues of 
concern for integrated science represent real understanding or just intelligent guesses on 
the part of the respondents, the fact remains that the choice largely did not match the 
perceptions shown by their personal definitions of integrated science. It is more likely 
that many of these participant (especially those that had no training or orientation on 
integrated science) have some fair ideas about the subject that probably influenced such 
meaningful choice and may not necessarily be an evidence of any real understanding. In 
any case, whether their choice here represent real understanding or not, the phenomenon 
tells the story that a reasonably large number of the integrated science participants did 
recognise valuable elements of integrated science education. 
12.4 RELEVANCE AND USEFULNESS OF INTEGRATED SCIENCE TEACHER 
TRAINING PROGRAMME AS ASSESSED5 BY TIIE PARTICIPANTS. 
The research attempted to find from the personal opinion of the student teachers, 
practising teachers and teacher trainers on the programme of teacher training for 
integrated science teaching. For the student teachers and the trained practising teachers, 
they assessed the general adequacy6 of the training (received or being received) in 
helping them perform their role of teaching integrated science effectively in schools. To 
this end both groups were provided with three categories of response (Good; Fair; and 
Inadequate) with which to sum up their training experiences. Although summing their 
opinions in this way did not tell us much about the quality of training, we gained, at least, 
a knowledge of how the participants were feeling which will motivate a more close and 
in-depth future study. While almost all the practising teachers assessed their training 
experiences as "Fair", the students teachers varied with their institutions and the type of 
training programme being followed. Most students receiving training in the university 
departments of education and from the colleges of education pursuing the NISTEP 
programme rated their experiences as "Good" (see figure 10.5, page 214). Their response 
in this way was hardly surprising as the NISTEP colleges have benefited immensely from 
the project facilities and expertise. They were therefore relatively more established and 
stable in terms of staff quality and perhaps in also infrastructural facilities than any other 
institutions in the country. Most students of other colleges assessed their experiences as 
"Fair". In a follow-up interview with some of the students it was further discovered that 
their use of "fair" to describe their experiences was only but a cautious and polite way of 
expressing their unhappiness with the programme. They were in fact finding the course 
uninteresting and difficult. The students generally believed that some of the problem 
areas of their training includes ambitiously massive curriculum, lack of relevantly trained 
trainers, lack of laboratories/basic equipment and lack of relevant textbooks. These 
problems were also raised by some teacher trainers and practising teachers. While these 
5 
 - Assessment describes the participants' expressed personal opinions on how they generally feel about the 
training programme; issues considered, among others, includes the curriculum, staffing, the teaching 
and facilities. 
6 - The adequacy of training was to he seen in terms of confidence built in knowledge and methods. 
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problems could be genuine it must be admitted here that the list represents a rather more 
general and common experiences in the teaching and learning in science classroom in 
Nigeria and not just exclusive to integrated science. These general problems 
notwithstanding, it was observed (table 10.1, page 215) that students whose basic 
qualifications was the GCE were more likely to rate their training experiences as 'good' 
than the holders of the Grade II certificate. This to say, student teachers with the Grade II 
certificate found the integrated science course more difficult than their GCE counterparts. 
The teacher training curricula in use at the time of this research (Appendices G, H, 
I), also analysed in chapter 6 have been described as "massive" by some of the 
respondents, giving the impression of an overloaded curricula. Although a curriculum by 
nature is not a perfect document and therefore is subject to revision from time to time, 
those under question in this research appear to be overloaded. Although the curricula 
might look ideal considering the background of the students entering the. training 
programme, it is at the same time unrealistic in the light of the training duration and the 
needs of the students. As evidence of curriculum overload, teacher trainers said that they 
were not having enough time on the school time table for an effective coverage of course 
work. Consequently there was always "crashing" through the work with perhaps, very 
little concern for the students need and the objective of the training. The delivery of the 
course in this way was hardly unexpected as most of the teacher trainers lack the relevant 
training, especially the participating professional scientists. There was also a general 
feeling among the trainers that the whole training programme had not been taken 
seriously as most of the admitted candidates hold either no qualification in science or had 
weak backgrounds. There was therefore doubt being cast on the success of the training to 
fulfilling its objectives given also other operating bottle-necks. 
In summary, it seems that some of the bottle-necks of the training programme 
include: 
• curriculum overload which at the same time does not appear to be appropriately 
matched to the course duration and to the needs of the student teachers; 
• the teacher trainers are not experienced in integrated science, teacher training, and 
teaching in schools; 
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• poor recruitment procedures for candidates; and 
• the status problem for the teachers of integrated science in schools who are under-
valued not only by the public but even by the educational system and other 
colleague science teachers. 
How to deal with these problems have been discussed and suggestions are made in the 
next chapter for inproving the teacher training programme in colleges and universities. 
266 
CHAPTER 13 
CONCLUSION AND RECOMMENDATION. 
The main thrust of this research was to establish the practices that go on in the 
training of teachers of integrated science in Nigeria. This was done by examining the 
relevant curricula and obtaining the opinion of the participants in order to establish the 
characteristics, quality and appropriateness of the training in fitting the teachers to their 
job of teaching integrated science in schools. 
Integrated Science is the first basic and systematic science course taught as a 
compulsory subject in the three years of Junior Secondary School education in Nigeria. 
This has been running for over two decades but, until recently (late 1980s) there was no 
deliberate plan for its teacher education. There was then almost a total mismatch between 
the training of the Nigerian Certificate of Education (NCE) and university science 
graduate teachers and what they were required to teach in integrated science in schools. 
The training of such NCE and university graduate teachers were based on the separate 
sciences and, as a result, the new integrated science course was not taught effectively in 
schools. 
It was not until late 1980s when some institutions in Nigeria saw the need to 
mount relevant teacher training for those who would teach integrated science in schools. 
Most Colleges of Education in the country were running the 'single major' courses in 
integrated science, that is, combining integrated science with one other science discipline. 
With the recent establishment of a National Commission for Colleges of Education, a 
board responsible for the academic programmes of all colleges of education in Nigeria, 
integrated science has become a 'double major' course with a National core curriculum 
(Appendix G). Of the over thirty universities in Nigeria, only about ten are known to 
offer training courses for teachers of integrated science while many remain apathetic to it. 
Perhaps the most laudable effort in teacher training for integrated science that also started 
in the late '80s is that of the "Nigeria. Integrated Science Teacher Education Project" 
(NISTEP). Based in ABU, Zaria, NISTEP was started with the objective to, among 
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others, improve the effectiveness of integrated science teaching by developing a 
programme to train teacher trainers (lecturers in the colleges of education) to teach 
integrated science effectively to the student teachers studying on the NCE programme; 
develop a double major integrated science programme for use in AIIIT's affiliated 
colleges; and assist in the eventual development of a Bachelor of Education (BEd) 
programme in integrated science at ABU. The NCCE has adopted the NISTEP 
curriculum and being implemented in all colleges of education throughout the country. 
This study has attempted to analyse not only the NISTEP curricula now being 
implemented as a 'double major' in all colleges of education in Nigeria but also the 
curricula for some two universities also involved with the training of integrated science 
teachers at the degree level. In addition the study also obtained testimonies from the 
student teachers, practising teachers, teacher trainer and the training coordinators on the 
nature, relevance and usefulness of the integrated science teacher training programme 
In the light of the research findings, their discussions and implications, the 
following conclusions are made: 
13.1 CONCLUSION. 
1. The analysis of the Junior Secondary School Core-curriculum for integrated science 
revealed a substantial amount of evidence to show that it was designed to: 
• draw on everyday experiences and take account of different stages in the child's 
development; 
• provide a balanced science curriculum which stresses the unity of science 
content and processes; 
• lay an adequate foundation for subsequent study in science and technology; 
• provide a basic understanding of the role and function of science and technology 
in everyday life; 
• relate to the differing environmental conditions found in Nigeria. 
The design of the teacher training curricula has placed more emphases on the acquisition 
of the scientific subject matter than of any other aspect of teacher training. This is clear 
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from the composition of the courses(largely dominated by pure science teaching) as well 
as the manner in which these courses are being delivered. That is, the science is not 
taught as integrated but as separate science and solely by means of lectures. This 
contrasts with the competencies and skills identified as necessary for a competent 
integrated science teacher. 
2. Many student teachers saw their training curricula as overloaded, not appropriately 
matched to the duration of their training and needs. 
3. There is a fundamental flaw with the integrated science enterprise in Nigeria which is 
related to the general attitude held by 	 both the public and academics about 
integrated science and the effect it has on the current teaching in schools, the 
admissions and training of its teachers. Integrated science is being conceived as a 
"second best" type of science designed for those who cannot cope with separate 
science disciplines. This derogatory and negative attitude appeared to have had some 
profound influence not only on the way teachers were being assigned to teach 
integrated science in schools, but was also being perpetuated in the admission 
procedures and training of its teachers in the training institutions. Practising teachers 
in schools were found to be the least qualified and inexperienced of all science 
teachers; if the teacher had any science qualifications at all, they were likely to be 
only in the life sciences. In addition many student teachers undergoing training to 
become integrated science teachers were found to hold very weak backgrounds in the 
pre-requisite sciences. Although Ihe policy statements on admission specified some 
high standard for the selection of candidates, the admission officers in colleges and 
universities appear to lack the conviction and will to implement it strictly and 
seriously. This "status problem" of integrated science has a direct but negative effect 
on its teachers who are consequently under-valued even by their fellow science 
teachers. Furthermore, the status and more importantly, the career dilemma of 
integrated science teachers, those with more qualified science background are 
unwilling to be trained as integrated science teachers. They see integrated science as 
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possessing no future career prospect in any science discipline but merely caging its 
victims to a permanent teaching career at a low level, that is, the JSS level 
4. As regards the meaning and operational definition of integrated science, relevant to 
the curricula in schools and teacher training colleges, the following five features of 
"integration" as it applies to integrated science teaching were established, namely: 
• as the unity of all knowledge (portrayed by the choice of themes or titles under 
which topics or courses taken from different disciplines have been built); 
• as the conceptual unity of the sciences (the attempt to integrate knowledge 
under great ideas of science such as energy, diversity, continuity, change etc.) - NB: 
this meaning of integration showed least prominence in all the curricula e rambled; 
• as a unified process of scientific enquiry (portrayed by the attempt to teach 
or demonstrate the scientific process skills such as observation, classification, 
reporting, experimenting. predicting etc.); 
• as interdisciplinary study (portrayed by the number of disciplines or fields of 
study drawn upon); 
• as the social relevance of science (attempt to show either by mention, 
application or implication, the social utility of science). 
In fact the full definition of integrated science provided by D'Arbon (1972) and 
the more streamlined definition provided in chapter 3 section 3.2.6, page 60 of 
this study, may be regarded as adequate operational definitions of integrated 
science for the Nigerian Integrated Science Project (NISP). Indeed these 
definitions are copiously reflected already in the philosophy and objective of the 
JSS core curriculum for integrated science as well as those for the teacher 
training. 
5. In terms of the meaning and scope of integration, it was found that there was a 
reasonable match between the curricula for schools and those for the teacher training 
institutions. With respect to the scope of integration in the curricula, they drew their 
contents from a wide range of disciplines and fields of study. These among others, 
includes biology, chemistry, physics, geography, geology, mathematics, agricultural 
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science, health/environmental education, technology and cultural issues (in JSS 
curriculum in particular). The intensity of integration (extent to which the separate 
disciplines are blended) became progressively weaker as one went from the JSS 
curriculum, to the NISTEP curriculum, to those of the university departments of 
education. They more or less fitted Blum's intensity category descriptions of 
'amalgamated', 'combined' and 'coordinated' curriculum respectively. 
6. There is a serious dearth of relevantly trained integrated science practising teachers 
for the junior secondary schools and the teacher trainers in the training institutions 
studied in Nigeria. The shortage is both of quantity and quality. At the moment, the 
teacher trainers on the ground, were found to be inexperience/in integrated science, 
in teacher training, and in teaching in schools. The most laudable and well conceived 
contribution to the search for competent teacher trainers for integrated science is that 
by the Nigeria Integrated Science Teacher Education Project, based at the Ahmadu 
Bello University, Zaria, administered through affiliated colleges of education spread 
only in the Northern part of Nigeria. Of all the training institutions studied., it is only 
ABU that has had a fair share of trained integrated science teacher trainers through 
the NISTEP; however, regr hly, most of these trained personnels were largely 
under-used or had nothing to do with the project any more when the researcher 
visited ABU. 
7. Integrated science education has a important status at the junior secondary school 
level. However, most integrated science course coordinators in the training 
institutions gave weakly focused, but broad objectives for training teachers for 
integrated science. Moreover this focus was spread across the primary and secondary 
and in some cases, the colleges of education level. The position of the course 
coordinators was proved to be at variance with the stated objectives of their 
curriculum documents. This signalled a potential source of mismatch between the 
intention and the implementation and a vague notion about the level(s) at which their 
graduates would teach. 
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8. The age-long perception and understanding of integrated science as a subject merely 
concerned with the teaching and learning of mixed contents from the sciences, 
principally of biology, chemistry and physics is still the most popularly held view of 
integrated science by most student teachers, practising teachers and teacher trainers. 
Other issues that gained high support among all the participants as relevant in 
describing the meaning of integrated science and which the teacher trainers, in 
particular, strongly subscribed to as important curriculum matter for teacher training 
in integrated science, included: 
• exploring the fundamental unity in all scientific knowledge; 
• developing competence in the unified scientific process skills; 
• the development of scientific attitudes; and 
• understanding the conceptual unity of the sciences. 
Despite the high consensus shown by the participants on the above issues, there 
was a substantially wide range of definitions of integrated science held by 
participants; most of these were either unclear or ambiguous. The following were 
some of the common definitions held of integrated science: 
• a subject which teaches a combination of subject matter from the basic 
sciences of biology, chemistry and physics and other scientific fields; 
• an approach to the teaching of science as unity, stressing the interdisciplinary 
relationship and de-emphasising the traditional boundaries between science 
disciplines; 
• a subject which teaches about the scientific attitudes and process skills; 
• teaching about man and the environment; 
• teaching about the living and non-living things; 
• a subject which teaches about the world/universe. 
This calls for an urgent need to simplify the model of integrated science so that more 
can understand it and trainers need to be taught its meaning too. 
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9. Student teachers with background in secondary school science (GCE) appeared to be 
better prepared for the integrated science education than those whose background 
were in the grade II teachers' certificate. Similarly, the GCE and the Grade II 
certificate background qualifications not-with-standing, female students generally 
seem to find the integrated science training course more difficult than their male 
counterpartS. 
10. More student teachers from the NISTEP pilot colleges of education and university 
departments of education expressed satisfaction with the relevance and usefulness of 
their training for integrated science than was possible with students from other 
training institutions. 
11. Most teacher trainers, irrespective of their professional qualification arid level of 
involvement with the training, tend to assess the training as low-key, lacking the 
fundamental momentum for the project from the state and/or training institutions. 
13.2: RECOMMENDATION. 
In the light of the fore-going conclusions, the following recommendations are made: 
1. There is urgent need to give priority to the training of teacher trainers as this relates 
directly to the effectiveness of teacher training for integrated science in these 
institutions. The impact of the Nigeria Integrated Science Teacher Education Project 
(although conceived and designed for implementation as a National project) has 
rarely been felt around the country. Although presently based at the Ahmadu Bello 
University, Zaria, it has so far been the only laudable and well coordinated step 
towards training of teacher trainers. For more positive results the need to decentralise 
this project to other colleges and universities around the country cannot be over 
emphasised. This process should be accompanied by fresh campaign for renewed 
vision for the training of teacher trainers. This can effectively be done through the 
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National Commission for Colleges of Education (NCCE), the Science Teachers 
Association of Nigeria (STAN) and the individual authorities of universities,. 
2. The admission of candidates to he trained as teachers of integrated science must be 
based on some sound policy and selection process that ensures the admission of 
suitably qualified candidates. It is suggested here that while it is necessary to place 
emphasis on candidates possessing sound foundation in the basic pre--requisite 
sciences, the interest and aptitude of the candidates must not be neglected. This 
points to the invaluable involvement of the interview in the final selection process of 
the candidates. However to attract more competent candidates and dispel the fears 
arising from the low status and career prospects of integrated science teachers vis-a-
vis teachers of other science disciplines, it might be necessary to redesign the 
integrated science teacher training curriculum, at the degree level in particular. The 
design of the new programme might, for example guarantee career opening in other 
science disciplines for those who might develop such ambition. This could be 
achieved by running the initial teacher training for integrated science as a 'double 
major' only at the NCE level to be followed by, at least, a compulsory three year 
teaching of integrated science at the JSS level. After this tenure, qualified candidates 
wishing to pursue degree qualification in any science discipline at the university 
should be allowed to combine one science discipline of their choice with integrated 
science (modular courses in other sciences). In other word, both the double and 
single major courses in integrated science are to be run at the university. 
3. It is necessary to change the attitudes of both the public and the educational system 
towards integrated science. It must be seen as the first systematic science course 
offered to pupils as few of them will have been taught through an effective primary 
science programme. For pupils continuing their education, it provides a base for 
further scientific study; and, to those whose education finishes at the end of the JSS 
stage, it offers a useful understanding of science and technology in everyday life. 
Integrated science, therefore, must come to he considered, from its science education 
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philosophy, as the most appropriate form of science teaching for pupils in the JSS 
and NOT as a "second best" type of science to be taught at this level because 
resources and equipment are in short supply. This means that its teachers and the 
teaching of integrated science must seriously be given a status it deserves coupled 
with an effective motivation and supervision by the Ministry of Education. The 
public must also be make to recognise the importance of integrated science through 
some sort of public enlightenment campaign programme. 
4. Integrated science curriculum developers, teacher trainers and teachers in Nigeria 
should recognise that the scope and intensity of integration provided for in the JSS 
curriculum was found to reflect the following five features of "integration" as the 
word applies to integrated science, namely: 
• as the unity of all knowledge; 
• as the conceptual unity of the sciences; 
• as a unified process of scientific enquiry; 
• as interdisciplinary study; 
• as the social relevance of science. 
Is it recommended too that the Junior Secondary School integrated science 
curriculum in particular be reviewed to reflect (in the textual organisation) a more 
meaningful and clearer picture of these five features of integration in science. The 
six themes used in the JSS curriculum do not reflect 'tight fits' for a number of 
topics and contents built under each of them. While there were obvious cases of 
mis-fit observed, it was also not clear why some topics were placed where they 
occur and not somewhere else. In the opinion of the researcher, the choice of 
fewer themes (only six in the case of the JSS) as the fulcrum for integration has 
the advantage of achieving greater integration of topics and contents than if the 
themes were more numerous. However it becomes more imperative for the 
curriculum developers to provide an explicit guide to help teachers implement the 
curriculum the way it was intended. It is this sort of guide that is lacking for the 
JSS curriculum. There is need for it not just for the classroom practising teachers 
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in the schools but also for the teacher trainers and student teachers in the training 
institutions and this leads to better understanding of the purpose of science 
education and where it is leading to. The more the teachers are aware of the 
message and goal of a curriculum, the better their teaching and assessment 
strategies and procedures would be, to arrive at the target(s). 
5. Since the scope of the JSS curriculum covers a broad range of disciplines and in the 
light of the observed preponderance of untrained teachers who were largely in charge 
of its teaching in schools, it is recommended that such teachers should he encouraged 
to use team teaching where necessary. However, as a priority, teacher training 
institutions in Nigeria as well as STAN should design and operate suitable INSET 
programmes for the re-orientation of such 'unskilled' serving teachers towards more 
effective teaching of integrated science. In this way the teeming population of 
secondary schools in Nigeria would not have to wait until an adequate number of 
graduates of the new NCE and B.Ed. programmes recently mounted are produced to 
teach the subject. There is also the urgent need for both the untrained teacher trainers 
and practising teachers who are already serving in training institutions and schools to 
be provided with some relevant amount of training in the philosophy and 
methodology of integrated science teaching. This is hoped not only to modify (or 
possibly change) their perception and understanding held about the subject as merely 
concerned with teaching of combined contents from biology, chemistry and physics 
but should assist them to be able to teach the subject meaningfully and with an 
integrated approach. We all know that the most threatening problem, most teachers 
would admit in their teaching, is that of being asked to teach a subject for which they 
are inadequately prepared. 
6. On the support materials or facilities for teaching integrated science the following 
recommendations are made: 
• Relevant text material for the students and teachers' guides for the teacher 
training curricula should be produced and made available to the institutions, 
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especially for the NISTEP curriculum which has been adopted for use in all 
colleges of education in the country. 
• Government should make more finances available for the procurement of 
essential facilities, texts and guides which the individual students of institutions 
find quite difficult to procure because of their prohibitive commercial prices. 
• Teachers should be encouraged to improvise what they can but ensure that what 
they improvise resembles the real thing as much as possible, both in structure and 
function. Again, this depends on the knowledge and skills of the teacher. 
7. The teachers' wages and general condition of service must never be ignored or 
trivialised as it has been witnessed over the years that it is one important single factor 
that affects the zeal and morale of the teacher in his job performance. An observation 
made by Efa in this respect and reported in Bajah (1993) reads: 
Teachers have seen a massive decline in their status; they are asked to 
work long hours for a salary that has rarely kept up with inflation; 
they often work with only a few materials of very poor quality; 
contact hours with their students are reduced and more and more time 
is spent on needless administration broight about by constantly 
changing government policies. 
It must be concluded here that no effort should be spared in the proper training of 
science teachers both at the initial and in-service stage. Desirable competences of an 
integrated science teacher have been exhaustively discussed in chapter 5, page 80. 
Enough well qualified teachers, it is said, are a sine qua non of successful curriculum 
implementation, as no curriculum material is teacher proof, deliberate effort must be 
made to familiarise the teacher with materials they are expected to use in the classroom. 
Experience has shown that no matter how well an education programme has been 
developed, the success in the final analysis depends on the classroom teachers. 
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13.3 LIMITATIONS OF STUDY. 
The field work for this research was undertaken during the most critical point of 
the political crisis in Nigeria which did not guarantee the normal condition for data 
collection. This coupled with time and financial constraints, the data collected was 
limited only to institutions in the Northern part of the country. Hence much more caution 
was taken in the interpretation of some of the research findings with a consequent limited 
application and implication of such findings for the whole country. 
The observations made of the NISTEP colleges in this study may not be 
generalised as only three of about 19 NISTEP colleges, spread over Northern Nigeria 
were sampled for this study. 
Due to the behaviour of some respondents, the researcher also aknowledges the 
possibility of having obtained and made use of some data that might not be totally 
reliable. For instance, some respondents were too cautious when responding to questions 
requiring critical answers. 
13.4 FURTHER RESEARCH. 
It might be necessary to conduct a follow-up study on the performances of: 
(i) the NISTEP trained teacher trainers; 
(ii) the graduates of the new NISTEP curriculum. 
The study is to be undertaken with a view to gaining information on the 
usefulness of the training. The information gained will not only serve as relevant 
indicators of the success of the training but will also provide useful data for any possible 
over-hauling of the curriculum and the training materials. 
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APPENDIX A  
QUESTIONNAIRE VALIDATION REQUEST LETTER 
Science Department, 
Institute of Education, 
University of London, 
20 Bedford Way, 
London WC1H OAL. 
16-6-1992 
Dear Colleague, 
VALIDATING A QUESTIONNAIRE FOR USE IN NIGERIAN COLLEGES/  
UNIVERSITIES, 
I am a Research Student (Ph.D.), undertaking a research on the training of teachers 
for Integrated science teaching in Junior Secondary Schools in Nigeria. The research will 
attempt to find out how the training is done, its relevance and adequacy in meeting the 
demands of the integrated science national core-curriculum for the Junior secondary 
schools. Specifically attempts will be made to fmd out: 
1. the nature of the courses; 
2. the aims and objectives of these courses; 
3. opinions about them, particularly how effective they are in training teachers for 
Nigerian schools 
4. views about the nature of integrated science held by teachers and students. 
Attached is a questionnaire for the teacher trainers, one of the data gathering tools.. 
Please would you fill it as fully as you can. This will not only help met() check the 
responses anticipated in the actual study in Nigeria but will also enable me to carry out a 
trial analysis. Your responses will be handled in confidence. 
Please return the completed questionnaires to Dr John May. 
I would welcome the chance to meet with you in a later date to discuss your 
responses to the questionnaire. This would help me obtain feed-back concerning such 
features as: 
(a) length of questionnaire; 
(b) ambiguity or clarity of questions; 
(c) suitability of questions for teacher trainers in Nigerian colleges/universities; 
(d) omissions; and 
(e) any other suggestions. 
Thanks for your cooperation and anticipated input in this research project. 
Yours Sincerely, 
SUNDAY N. WUYEP. 
( RESEARCHER) 
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APPENDIX B I 
LETTER OF INTRODUCTION SENT TO INTEGRATED SCIENCE HEADS 
OF DEPARTMENT IN COLLEGES AND UNIVERSITIES IN NIGERIA. 
Dear Sir/Madam, 
MR SUNDAY N. WUYEP - RESEARCH VISIT.  
MR SUNDAY N. WUYEP is one of our Ph.D Research Students undertaking a 
research on the training of teachers for integrated science teaching in Junior Secondary 
Schools in Nigeria. The research will attempt to find out how the training is done, its 
relevance and adequacy in meeting the demands of integrated science National core-
curriculum for the junior secondary schools. Specifically attempts will be made to find out: 
1. The nature of the training courses. 
2. The aims and objectives of these courses. 
3. Opinions about them, particularly on how effective they are in training 
teachers for Nigerian schools. 
4. Views about the nature of integrated science held by teachers and students. 
Mr Wuyep is expected to undertake a field work to Nigeria where he shall obtain 
the necessary data for this research from schools, colleges and the universities. Your 
institution/department is among those that have been chosen for the purpose of this research 
exercise. 
The visit to your institution/Department will involve the administration of 
questionnaires/interviews to: 
(i). H.O.D. Integrated Science and/or Integrated Science Course Coordinator 
(Questionnaire & interview). 
(ii). Teaching staff of the department (questionnaire only). 
Final Year Student Teachers (questionnaire/interview) 
Mr Wuyep shall be arriving Nigeria in October, 1992 and will get in touch with as 
soon as possible. We are appealing to you to give him all the possible assistance he will 
require from you. 
Thank you in anticipation for your cooperation. 
DR A.D. TURNER ( Supervisor) 
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APPENDIX C(i)  
Integrated Science Teacher Education in Nigeria 
Researcher: SUNDAY N. WUYEP 
Science Department 
Telephone : 071- 580 1122 Ext. 5777 
Fax 	 071-612 6126 
INSTITUTE
e  
OF 
EDUCATION 
UNIVERSITY OF LONDON 
20 BEDFORD WAY 
LONDON WCIH OAL 
Director SIR PETER NEWSAM 
Deputy Director PROFESSOR PETER MORTIMORE 
QUESTIONNAIRE FOR INT. SC. COURS&COORDINATORS 
This questionnaire is designed to help identify the characteristic featiires(course 
work and activities) that constitute the programme for the training of teachers in your 
institution for integrated science teaching. 
Please respond as fully as you can. Your responses shall be treated confidentially 
and all information provided herein shall be used for the purpose of this research only. 
!SECTION A: FACTUAL BACKGROUND INFORMATION I 
I. Name of Institution 	  
2.Address 	  
3. Does your institution undertake any training for teachers of integrated science? 
Yes 	 No 
4. Is your programme Full Time E] 	 Part Time 
5. What type of certificate course does your programme offer? 
(i) Postgraduate (Diploma or Certificate) 
(ii) Bachelor's Degree (B.Ed or B.Sc.Ed) 
(iii) Nigerian Certificate of Education (NCE) 	  
(iv) Others(Specify) 	  
or Both 
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6. For which of the following educational level are the teachers being specifically trained? 
(i) Primary 
(ii) Junior Secondary 
(iii) Grade II Teachers' College 
(iv) College of Education 
(v)Others(specify) 	  
7. How many integrated science student teachers are training in your institution this 
1992/93 academic session? 
YEAR 
	
Student number (Full Time) Student number (Part Time) 
ONE 
TWO 
THREE 
FOUR 
FIVE 
8. Please supply the following information about the graduates produced by your training. 
Year No. of Graduates No. of students per result category 
1 s tclass 	 o r 
Distinction. 
2.1 or Credit 2.2 3rd Pass Fail 
1988 
1989 
 
1990 
_ 
1991 
1992 
SECTION B: ENTRY REQUIREMENT FOR CANDIDATES 
9. What academic qualification(s) do you consider acceptable for entry to the integrated 
science course in your institution? 
10. Do you interview applicants seeking admission before offering them places on the 
course? 
Yes No 
11. If you do not interview the applicants, please state how you select students for the 
course. 
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SECTION C: THE INTEGRATED SCIENCE COURSE 
12. Which science subjects are taught to the student teachers as part of the curriculum for 
integrated science training in your institution? 
(i) Chemistry 	 (v) Geology/Earth sciences 
(ii) Physics 	 (vi) Environmental Science L_J 
(iii) Biology(Bot. & Zoo.) 	 _1 (vii) Health Education 
(iv) Astronomy 	 (viii) Science & Technology 
(ix) Others(please list) 	  
13. How much time is devoted to the different components of the curriculum? 
COMPONENTS OF THE CURRICULUM CREDIT UNITS/HOURS 
Science contents 
Science pedagogies 
Educational studies 
Teaching Practice 
Others 
14. Do your students engage in out-of-class activities like visits to industries, field trips etc, 
as part of their taught courses? 
Yes  	 No 
15. If your answer to question 14 above is yes, please state the specific activities and the 
course with which it is associated. 
ACTIVITY 
	
COURSE ASSOCIATED WITH 
16(i) What is the number of staff trainers participating in the training programme? 
(i) How many of these trainers have science qualification? 
(iii) How many of these teacher trainers are professional science teachers educators? F 	 I 
17. Do you consider your present staff strength as adequate in meeting the training needs of 
the course? 	 Yes 	 No 
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SECTION D: RATIONALE FOR COURSE 
18. Your integrated science programme seeks to train teachers for integrated science 
teaching in schools. Please state any three important characteristics of your successful 
students which fit them for this role. 
(i) 
19. For each of the characteristic described in No.18 above, please indicate with a tick in 
the table below where on the course the characteristic mainly will be developed. 
Educational 
Studies 
Subject Teaching Pedagogy Teaching Practice 
(i)  
(ii)  
(iii) 
 
20. Please state any important feature(s) of your course which you think helps to develop 
the skills of teaching integrated science. 
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21. In what ways does the training of integrated science teachers differ from those of other 
science teachers( i.e biology, chemistry or physics teachers) in your institution? Please state 
these differences from the point of view of content studies, pedagogical studies and 
teaching practice as indicated below. 
(i) Content studies: 
Pedagogical(methods) Studies: 
(iii) Teaching Practice: 
J 
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APPENDIX C (ii) 
Integrated Science Teacher Education in Nigeria 
INSTITUTE OF 
Researcher: SUNDAY N. WUYEP  EDUCATION 
Science Department UNIVERSITY OF LONDON 
Telephone : 071- 580 1122 Ext. 5777 	 20 BEDFORD WAY 
Fax 	 071-612 6126 	 LONDON WC!!! OAL 
Director SIR PETER NEWSAM 
Deputy Director PROFESSOR PETER MORTIMORE 
INTEGRATED SCIENCE TEACHER TRAINERS' QUESTIONNAIRE.  
This questionnaire has been designed to help obtain the following information:- 
(a) Your view of the nature of integrated science teacher education programme in your 
institution. 
(b) Your perception of integrated science and those issues you consider relevant for 
inclusion in the curriculum for the education of teachers of integrated science in Nigeria. 
Please respond to each item as fully as you can. Your responses shall he handled 
confidentially and the information provided shall be used for the purpose of this research 
only. Thank You. 
SECTION A PERSONAL DATA 
Dept. 1. Your College or 
2. Address 
University 
2 Sex: Female Male 
3. Age Group: 20 - 24 40 - 44 
25 - 29 45 - 49 
30 - 34 50 - 54 
35 - 39 	  55 & above 	  
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4. Academic Qualification.(nease indicate with a tick against any of the following qualifications 
that you possess) 
(i) WASC/GCE 
(ii) Teachers' Grade II Certificate 
(iii) A'Level(iisc,umB4OND) 
(iv) N.C.E. 
(v) HND 
(vi) B.Ed./B.Sc.Ed 
(vii) B.Sc. 
(viii) PGDE/PGCE 
(ix) M.Ed. 
(x) M.Sc. 
(xi) Ph.D 
(xii) Others (Specify) 
Subjects: 1 
2 
3 
Subjects: 1 
	
2 	  
3 
	
Discipline 	  
	
Discipline 	  
	
Discipline 	  
	
Discipline 	  
Discipline 
	
Discipline 	  
5. Status or Rank: 
(i) Professor 
(ii) Reader 
(iii) Senior Lecturer 
(iv) Lecturer I 
(viii) Other (Specify) 
(iv) Lecturer II 
(v) Lecturer III 	 El 
(vi) Assistant Lecturer Ti 
(vii) Graduate Assistant El 
   
6. Which of these subjects were you taught during your post primary education? 
(i) Integrated Science 
(ii) General Science 
(iii) Both i & ii 	 [J 
(iv) None 
7 (a) Have you at any time taught at the secondary school level? 
No Yes 
(b) If yes, for how long? Years 
8. Which of the following science subjects did you teach at the secondary school level? 
(i) Integrated Science 
(ii) General Science L_J 
(iii) Chemistry 
(iv) Physics 
(v) Biology 
(vi) Others (specify) 
9. Have you had any course or training for teaching integrated science? 
10. In view of your qualification and experience, do you consider you participation in 
training teachers for integrated science teaching as the most suitable job for you? 
Yes No 
Yes No 
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ISECTION C : PERCEPTION OF INTEGRATED SCIENCE  
11. Describe your understanding of integrated science 
12. Do you see the training being given to the integrated science teachers in your institution 
as significantly different from that which the biology, chemistry or physics teachers 
receive? 	 Yes 	 No 
13. If your answer to question 12 above is yes, please state how they differ. 
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14. Please list any three(3) significant features of your training for teachers of integrated 
science which you consider most important in enhancing their effectiveness for the job. 
15. Please list any three things you consider as weaknesses in your integrated science 
training programme. 
16. Describe three ways in which your training programme for teachers of integrated 
science could be improved. 
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a 
 
   
   
   
 
a 
 
   
   
   
 
a 
 
   
   
a Ll 
For questions 17 - 32, statements have been made, each reflecting a point of view 
about the meaning of integrated science and ways it can be taught in schools. Each 
statement is followed by a set of five responses. 
Please read each statement and tick the most appropriate response to show the 
importance you attach to it as being an essential feature of integrated science and therefore 
to be included in the curriculum for integrated science teacher education. The responses are: 
1. Highly Relevant: The statement agrees with your own view of integrated 
science and should therefore constitute an important element of the curriculum 
for the education of teachers of integrated science. 
2. Relevant: The statement, while not in very close agreement with your own 
view of integrated science, does reflect to some extent relevant issues worth 
including in the curriculum for the education of teachers of integrated science. 
3. Neutral: The statement neither supports nor obtructs the training of integrated 
science teachers. It may or may not be included in the curriculum for integrated 
science teacher education programme without any consequences. 
4. Unsuitable: The statement shows no agreement with your view of integrated 
science and is therefore in your opinion unsuitable for inclusion in the 
curriculum for integrated science teacher training programme. 
5. Undecided: The status of the statement can not be decided. 
Please respond to all questions. 
Highly Relevant Relevant Neutral Unsuitable Undecided 
17. The acquisition of basic knowledge 
in the natural sciences and the earth sciences. 
18. The development of scientific attitudes. 
19. Exploring the fundamental unity in all 
scientific knowledge. 
20. Understanding the conceptual unity of the 
sciences. 
21. Develop competence in the unified 
scientific process skills. 
22. Exploring the relationship of science and 
technology. 
23. Class discussion of social issues related to 
science should be considered an important 
type of school science lesson. 
24. Science courses should have strong links 
	 1-1 El 
with environmental education. 
25. The selection of aims for science courses 
and its teaching should take into account the 
everyday life of the students. 
a 
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II Eli 
El 
El 
26. Science schemes should be developed on a 
suitable psychological theory of learning. 
27. A guided discovery approach to establishing 
concepts and generalizations should be used. 
28. Collaboration with teachers in departments 
other than sciences is necessary in order to 
integrate science in the curriculum. 
29. Team teaching is an effective way of teaching 
integrated science. 
30. Work in science should be evaluated on the 
basis of students' ability to solve problems, not 
on the recall of any particular contents. 
Cl II El 
I 1Cl 
31. Students should be engaged in analyzing 
critically pieces of scientific journalism which 
should be considered just as much as a way of testing 
understanding as having to answer a question on such 
topics as osmosis, magnetism or thermodynamics. 
32. The awareness of the limitations of science as 
a basis for dealing with moral and political problems. 
33. Please select any five (5) statements from items 17-32 above which you consider most 
essential in describing the meaning of integrated science in schools. 
(List only the statement numbers in the boxes) 
     
LIE] 
     
34. Please list any three other issues you consider to be essential features of integrated 
science but have not been included in statements 17-33 above. 
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APPENDIX C (iii) I  
Integrated Science Teacher Education in Nigeria 
INSTITUTE OF 
Researcher: SUNDAY N. WUYEP EDUCATION 
Science Department UNIVERSITY OF LONDON 
Telephone : 071- 580 1122 Ext. 5777 	 20 BEDEOR I) WA Y 
Fax 	 071- 612 6126 	 LONDON WCIH OAL 
Director SIR PETER NEWSAM 
Deputy Director PROFESSOR PETER MORTIMORE 
QUESTIONNAIRE FOR INTEGRATED SCIENCE PRACTISING TEACHERS. 
This questionnaire is to help me know more about your views of teaching integrated 
science in schools. I am interested in your views about: 
1. The meaning of integration in science. 
2. The adequacy of your training(if any) to teach integrated science. 
3. Ways in which the training of integrated science teachers could be improved. 
Please respond to all the item on the questionnaire as fully as you can You don't need to 
identify yourself. Thank You 
I
SECTION A: PERSONAL DATA 
1. Name of School 
2.Address 
3 Sex: Female Male 
4. Age Group: 20 - 24 40 - 44 
25 - 29 45 - 49 
30 - 34 - 54 50 
35 - 39 	  55 & above F-1 
305 
5. What is your highest academic qualification and discipline? 
Qualification 	 Subject(s) 1 	  
	
2 	  
3 
6. Which of these O'level qualifications do you possess? 
WASC/GCE 	  
SSC 
GRADE II 
Others(specify) 
7. List science subjects(s) studied at ()level. 
1 4 
2 5 
3 6 
SECTION B: EXPERIENCES  
8. How long have you been teaching integrated science? Years 
9(i). During your pm-service teacher education, were you trained mainly as an integrated 
science teacher? 
Yes  	 No 
(ii). If Your answer to the above question is No, have you ever benefited from any type of 
course or training for teaching integrated science? 
Yes  	 No 
10. Which of the following reasons explains your choice of teaching integrated science? 
(a) It is the subject I had my training in at the NCE level 
	 El] 
(b) I have been motivated by personal interest even though I had no prior 
training for teaching integrated science 	 r"-]  
(c) I was assigned to teach it for lack of trained integrated science teachers in 
the school 
(d) Other masons (specify) 	  
11. Do you enjoy teaching integrated science? 
Yes No 
SECTION C: INTEGRATION Vs. SEPARATE SCIENCES  
12(i). Do you find integrated science more interesting to teach than separate science(s) 
Yes 	 No II 	 About same Ell 
(ii). If yes, please give two reasons why you find integrated science more interesting to 
teach. 
(iii) If No, please state two reasons for finding the separate sciences more interesting to 
teach than integrated science. 
15. If a parent of a pupil asked you, "What is this subject 'integrated Science'?", What 
would you say? 
Integrated science is... 
SECTION D: ABOUT YOUR TRAINING AS AN INTEGRATED 
SCIENCE TEACHER. 
iNOTE : This section is to be responded to only by those trained as integrated science 
teachers) 
16. Did you undergo a Full Time E] 	 or Part Time T1 training? 
17. Give reasons for your choice of full time or part time study. 
18. What is your assessment of the training you received for integrated science teaching? 
Good  	 Fair 	 Inadequate El 
19. State below three things you found unsatisfactory about your integrated science 
training. 
20. suggest three ways in which the training of integrated science teachers could be 
improved. 
SECTION E: PERCEPTION OF INTEGRATED SCIENCE I 
Questions 21-36 contain statements which reflect points of view about the meaning of 
integrated science and ways it might be taught in schools. You are asked to agree or 
disagree with the relevance of these statements in either describing the meaning of 
integrated science or ways of teaching it. Please read each statement carefully and indicate 
your opinion by ticking the appropriate response. The responses are: 
1.Strongly Agree: The statement expresses a point of view that matches your own view 
of the meaning of integrated science or its teaching. 
2. Agree: 
	 The statement while not in close agreement with your own view of 
the meaning of integrated science nor its teaching, it does reflect to 
some extent measures of acceptable relevant issues. 
3. Undecided: 
	 The status of the statement can not be decided. 
4. Disagree 	 An unimportant issue that can be ignored without making any 
difference to the subject matter of integrated science or its leaching. 
5. Strongly Disagree:The statement does not match your own view of integrated 
science or its teaching. 
Please answer all questions. 
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1 	 1 
CI 
a 
a 
a 
a 
a 
a 
Strongly 	 strongly 
Agree Agree Undecided Disagree Disagree 
21. The acquisition of basic knowledge 
in the basic natural sciences and the earth sciences. 
22. The development of scientific attitudes. 
El Li El El 
Cl 	  Li El 
a 
a 
23. Exploring the fundamental unity in all 
scientific knowledge. 
24. Understanding the conceptual unity of the 
sciences. 
25. Develop competence in the unified 
scientific process skills. 
26. Exploring the relationship of science and 
technology. 
27. Class discussion of social issues related to 
science should be considered an important 
type of school science lesson. 
28. Science courses should have strong links 
with environmental education. 
29. The selection of aims for science courses 
and its teaching should take into account the 
everyday life of the students. 
30. Science schemes should be developed on a 	 a El 	  E] 
suitable psychological theory of learning. 
31. A guided discovery approach to establishing 	 a Cl Li E] 
concepts and generalizations should be used. 
32. Collaboration with teachers in departments 	 ri   E] 
other than sciences is necessary in order to 
integrate science in the curriculum. 
I 
33. Team teaching is an effective way of teaching 
integrated science. 
34. Work in science should be evaluated on the 
basis of students' ability to solve problems, not 
on the recall of any particular contents. 
35. Students should be engaged in analyzing 
critically pieces of scientific journalism which 
should be considered just as much as a way of testing 
a 
1-.1 I 	 Ell LA 
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understanding as having to answer a question 
on such topics as osmosis, magnetism or thermodynamics. 
    
        
36. The awareness of the limitations of science as 
a basis for dealing with moral and political problems. 
37. Please select any five (5) statements from items 21-36 above which you consider most 
essential in describing the meaning of integrated science in schools. 
(List only the statement numbers in the boxes) 
38. Please list any three other issues you consider to be essential features of integrated 
science but have not been included in these statements 21-36 above. 
c 
r APPENDIX C (iv) 
Integrated Science Teacher Education in Nigeria 
Researcher: SUNDAY N. WUYEP 
Science Department e UNIVERSITY OF LONDON INSTITUTE OF EDUCATION 
20 BEDFORD WAY 
LONDON WCIII OAL 
Director SIR PETER NEWSAM 
Deputy Director PROFESSOR PETER MORTIMORE 
Telephone : 071- 580 1122 Ext. 5777 
Fax 	 071-612 6126 
QUESTIONNAIREJ1OR STUDENT TEACHERS  
This questionnaire is to help me know more about your view of teaching integrated science 
in schools. I am interested in your opinions on: 
1. The meaning of integration in science. 
2. The adequacy of your training to teach integrated science. 
3. Ways your training programme might be improved. 
Please respond to all questions in the questionnaire as fully as you can. You don't need to 
identify yourself. 
1. Name of institution 
2.Address 
3 Sex: Female Male 
4. Age Group: 20 - 24 40 - 44 
25 - 29 45 - 49 
30 - 34 50 - 54 
35 - 39 	  55 & above 	  
5. What is your highest academic qualification and discipline? 
Qualification 	 Subject(s) 1 	  
	
2 	  
	
3 	  
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6. Which of these O'level qualifications do you possess? 
WASC/GCE 	  
SSC 
GRADE II 
Others(specify) 	  
7. List science subjects(s) studied at ()level. 
1 4 
2 5 
3 6 
!SECTION B: PRE-TRAINING EXPERIENCE 
8 (i). Have you been teaching integrated science before taking up this training for integrated 
science teaching? 
Yes No 
(ii). If Yes, for how long? 
9. At which of the following level(s) have you been involved with teaching integrated 
science? 
(a) Primary F-1  (c) Grade H Trs. College 
 
 
(b) Junior Sec Sch 	 (d) College of Education 
10. Which of the following reasons explains your choice of teaching integrated science? 
(a) It is the subject I had my training in at the NCE level 
(b) I have been motivated by personal interest even though I had no prior 
training for teaching integrated science 
(c) I was assigned to teach it for lack of trained integrated science teachers in 
the school 
(d) Other reasons (specify) 	  
11. Did you enjoy teaching integrated science? 
SECTION C: INTEGRATION Vs. SEPARATE SCIENCES 
12(i). Do you find integrated science more interesting to teach than separate science(s) 
No 	 About same Ell 
(ii). If yes, please give two reasons why you find integrated science more interesting to 
teach. 
(iii) If No, please state two reasons for finding the separate sciences more interesting to 
teach than integrated science. 
Yes 
Yes No 
15. If a parent of a pupil asked you, "What is this subject 'integrated Science'?", What 
would you say? 
1 
Integrated science is... 
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SECTION D: ABOUT YOU PRESENT TRAINING 
16. Are you a Full Time  	 or Part Time LJ student? 
17. Give reasons for your choice of full time or part time study. 
18. What is your assessment of your present training for integrated science teaching? 
Good 
 
Fair 	 Inadequate 
 
  
  
19. State below three things you find unsatisfactory about your integrated science training. 
20. suggest three ways in which your training course could be improved. 
I- 
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SECTION E: PERCEPTION OF INTEGRATED SCIENCE 
Questions 21-36 contain statements which reflect points of view about the meaning of 
integrated science and ways it might be taught in schools. You are asked to agree or 
disagree with the relevance of these statements in either describing the meaning of 
integrated science or ways of teaching it. Please read each statement and indicate your 
opinion by ticking the appropriate response.The responses are: 
1.Strongly Agree: The statement expresses a point of view that matches your own view 
of the meaning of integrated science or its teaching. 
2. Agree: 	 The statement while not in close agreement with your own view of 
the meaning of integrated science nor its teaching, it does reflect to 
some extent measures of acceptable relevant issues. 
3. Undecided: 	 The status of the statement can not be decided. 
4. Disagree 	 An unimportant issue that can be ignored without making any 
difference to the subject matter of integrated science or its teaching. 
5. Strongly Disagree:The statement does not match your own view of integrated science 
or its teaching. 
Please answer all questions. 
Strongly 	 strongly 
Agree Agree Undecided Disagree Disagree 
21. The acquisition of basic knowledge 
in the natural sciences and the earth sciences. 
22. The development of scientific attitudes. 
23. Exploring the fundamental unity in all 
scientific knowledge. 
24. Understanding the conceptual unity of the 
sciences. 
25. Develop competence in the unified 
scientific process skills. 
26. Exploring the relationship of science and 
technology. 
27. Class discussion of social issues related to 
science should be considered an important 
type of school science lesson. 
28. Science courses should have strong links 
with environmental education. 
29. The selection of aims for science courses 
and its teaching should take into account the 
everyday life of the students. 
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30. Science schemes should be developed on a 
suitable psychological theory of learning. 
31. A guided discovery approach to establishing 
concepts and generalizations should be used. 
32. Collaboration with teachers in departments 
other than sciences is necessary in order to 
integrate science in the curriculum. 
33. Team teaching is an effective way of teaching 
integrated science. 
34. Work in science should be evaluated on the 
basis of students' ability to solve problems, not 
on the recall of any particular contents. 
LI I 
El I 1C] 	  
11 El LI 
El Li El F-1  
Cl 	 I.-1 
35. Students should be engaged in analyzing 	 • 	 El  
critically pieces of scientific journalism which 
should be considered just as much as a way of testing 
understanding as having to answer a question 
on suc topics as osmosis, magnetism or thermodynamics. 
36. The awareness of the limitations of science as 
 
L_J E] 
  
a basis for dealing with moral and political problems. 
37. Please select any five (5) statements from items 21-36 above which you consider most 
essential in describing the meaning of integrated science in schools. 
(List only the statement numbers in the boxes) 
38. Please list any three other issues you consider to be essential features of integrated 
science but have not been included in statements 21-36 above. 
	 I 
IF—APPENDIX D  
INTERVIEW QUESTIONS 
[A] - Course Coordinators. 
1. For how long have you been coordinating the integrated science teacher training 
in your institution? 
2. What was the motivation for starting the programme in your institution? 
3. What, in terms of course contents, do the student teachers go through in the 
course of the training and how is it being delivered? 
4. What is your general assessment of your teacher training so far. 
5. What would you like to see happen to improve your teacher training for 
integrated science? 
[B] - Practising Teachers. 
1. For how long have been teaching integrated science in schools? 
2. Is your qualification in integrated science? 
3. What do you think of integrated science and its teaching in schools? 
4. Have you found your training for integrated science teaching very helpful? 
5. What do you suggest towards improving your teaching and the learning of 
integrated science by your pupils? 
6. What practical things would you want to see incorporated into the teacher 
training curricula for integrated science? 
[C] -Student Teachers. 
1. Have you ever taught integrated science before entering this training for 
integrated science teaching? 
2. What was your motivation for taking up this training for integrated science 
teaching? 
3. What is your general assessment of your training (weaknesses and strengths)? 
4. You would have gone on some teaching practice exercises (once or twice) during 
your course, what was your experience? 
5. How would you like to see your training improved? 
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VARIETY IN MATTER 
Nie 
Combustion 
Nie 
The composition 
of air n 
Reproduction, 
development and 
growth 
ELEMENTS. 
SIMPLE CLASSIFICATION 
OF THE ELEMENTS 
NUTRITION AND 
DIET IN MAN 
	
TRANSFERENCE OF ENERGY 
1 
Vibrations, 
radiation, 
and electrical 
circuits 
MINERAL RESOURCES OF THE EARTH 
MATTER 
LIFE AND ENVIRONMENT 
%It 
HEALTH AND DISEASE 	 MAN IN SPACE 
LIFE 	 ENERGY 
APPENDIX E  
THE ENVIRONMENT 
Observations on the classification 
LIVING MATTER 	 NON- LIVING of matter MATTER 
Solids. Liquids. Gases 
Changes of State 
WATER 	
• 	 Physical measurement 
Water as a product 
Plants and Animals 
and their habitats 
AIR 
Air and water are 
necessary for life 
Operations on 
of combustion 	 non-living matter. 
4. 	 Measuring instruments 
The constituents 
› 	 4,  of Water <  
Physical separation 
processes. 
Pure substances. 
Chemical 'separation' 
Nif 
4 
ACTIVITIES OF LIVING <. 	  ENERGY 	
 MIXTURES, COMPOUNDS 
THINGS 	
\l/ 
Forces, Work. Simple machines 
Movement  
	
THE SUN 
ELEMENTS 
Energy and chemical 
systems 
Feeding. 
1 
ENERGY AND LIFE 
Action of heat and 
electricity on 
Heat, light and other  	 substances 
/ forms of energy 
ENERGY RELATIONSHIPS 
ENERGY CONVERSIONS K 	 ) Chemical compounds 
and chemical 
reactions 1 
Sound 
Electricity 
(simple cells) 
A FLOW CHART OF THE OUTLINE CONTENT OF 
STAN INTEGRATED SCIENCE 
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Q-; Ex
cr
et
or
y  S
ys
tem
.  
1.
 
Ex
am
in
e  a
 
 
bl
oo
d 
sm
ea
r,
 
 
n
o
te
 
 
co
rp
u
sc
le
s.  
Ex
am
ine
 
 
a  
go
od
 
ch
ar
t  o
f t
he
 
 
v
es
se
ls,
 
 
pa
yi
ng
 
 
at
ten
tio
n
 
 
to
 
 
th
e  m
ajo
r  
ve
ss
el
s.  
H
ow
 
 
th
ey
 
 
ar
e  
co
n
n
ec
te
d 
to
 
 
th
e  h
ea
rt
.  
2.
 
D
isc
us
s  
th
e  t
ra
n
sp
or
t  a
n
d
 de
fe
n
ce
 
 
fu
n
ct
ion
s.
 
 
3.
 
U
se
 
 
th
e  m
od
els
 
 
an
d 
ch
ar
ts
 
 
to
 
 
st
ud
y  t
he
 
 
hu
m
an
 
 
he
ar
t  
str
uc
tu
re
.  
4.
 
D
isc
u
ss
 
 
sic
kl
e  c
ell
 an
ae
m
ia
 
 
a
n
d  
m
al
ar
ia
 
 
pa
ra
sit
e  i
n  
bl
oo
d 
1.
 
 
U
se
 
 
ch
ar
ts,
 
 
m
od
els
 
 
or
 
 
pr
es
er
ve
d 
sp
ec
im
en
s  
to
 
 
st
ud
y  t
he
 
 
ali
m
en
ta
ry
 
 
sy
st
em
 
 
st
ag
e
 
 
by
 
 
st
ag
e,
 
 
A
 v
isi
t  t
o  
a  
bu
tc
he
r  
to
 
 
ob
se
rv
e  
th
e  a
lim
en
ta
ry
 
 
sy
st
em
 
 
of
 a
 
 
co
w
 
 
an
d 
co
m
pa
re
 
 
it  
w
ith
 
th
e  h
um
an
 
 
sy
st
em
 
 
ai
ds
 
 
lea
rn
in
g.
 
 
D
isc
us
sio
n
 
 
an
d  
ill
us
tr
ati
on
.  
2.
 
 
Pe
rfo
rm
 
 
fo
od
 te
sts
 
 
an
d 
ob
se
rv
e
 
 
ch
an
ge
s  
on
ly
.  
3.  
W
ith
 th
e  a
id
s  o
f c
ha
rts
,  d
isc
us
s  
di
ge
sti
ve
 
 
pr
oc
es
se
s  
of
 th
e  
v
ar
io
us
 
 
fo
od
 ty
pe
s,
 
 
th
eir
 
 
ab
so
rp
tio
n
 
 
an
d 
th
e  e
lim
in
ati
on
 
 
o
f 
1.
 
Le
t  t
he
 
 
ch
ild
re
n
 
 
ch
ew
 
 
n
on
-s
w
ee
te
n
ed
 
 
br
ea
d
 in
 
 
th
eir
 
 
m
ou
th
 
fo
r  a
 
 
w
hi
le
.  W
ha
t  h
ap
pe
n
s?
 
c  
•  
D
u
sc
le
s.  
2.
 
D
isc
us
s  
w
he
re
 
 
gl
yc
og
en
 
 
is
 
 
st
or
ed
:  s
o
 
 
al
so
 
 
fa
ts
 
 
an
d 
oi
ls.
 
 
W
hi
ch
 o
f t
he
se
 
 
m
ay
 
 
be
 
 
us
ed
 by
 
 
th
e  b
od
y  a
ga
in
? 
N
.B
.  E
xc
es
s  p
ro
te
in
 
 
is
 
 
ha
rm
fu
l,  
it  
ov
er
 
 
w
or
ks
 
 
th
e  l
iv
er
 
 
to
 
 
pr
od
uc
e  
u
re
a  
an
d 
ur
ic
 
 
ac
id
 w
hi
ch
 ar
e  
ex
cr
et
ed
.  
th
e  u
n
di
ge
st
ed
 an
d
 in
di
ge
sti
bl
e  p
ar
t  o
f f
oo
d(f
ae
ce
s).
 
 
 
th
e  s
ea
.  
4.
 
 
Pr
ob
lem
s  
co
n
ne
ct
ed
 w
ith
 
br
ea
th
in
l  e
.I
.  a
sth
m
a.  
1.
 
Co
m
po
n
en
t  o
f b
lo
od
 an
d 
fu
n
cti
on
s.
 
 
2.
 
Bl
oo
d 
ve
ss
els
.  
3.
 
Th
e  h
ea
rt,
 
 
sim
pl
e  s
tru
ct
ur
e  
an
d
 fu
n
ct
io
n
in
g.
 
 
4.
 
Bl
oo
d
 de
fe
ct
s  o
r  
di
se
as
es
.  
1.
 
Pa
rts
 
 
of
 th
e  d
ig
es
tiv
e  
sy
st
em
,  
fr
om
 
 
m
ou
th
 to
 
 
an
us
.  
2.
 
Si
m
pl
e  f
oo
d 
te
sts
.  
3.
 
D
ig
es
tio
n
 
 
at
 
 
va
rio
us
 
 
po
in
ts
.  
4.
 
Ab
so
rp
tio
n
 
 
of
 fo
od
.  1
. 
A
cti
on
 
 
o
f e
n
zy
m
es
 
 
in
 
 
fo
od
.  
2.
 
W
ha
t  h
ap
pe
n
s  
to
 
 
ab
so
rb
ed
 
fo
od
?
 Ca
rb
oh
yd
ra
te
 
 
in
 
 
ex
ce
ss
 
 
is  
st
or
ed
 a
s  g
ly
co
ge
n
 
 
,  
fa
ts
 
 
ar
e
 
 
st
or
ed
 a
s  b
od
y  f
at
.  E
xc
es
s  
pr
ot
ein
 
 
is  
de
str
oy
ed
 by
 
 
th
e  l
iv
er
.  
Th
e  c
hi
ld
 
 
sh
ou
ld
 b
e  a
bl
e  t
o:
 
 
1.
 
re
co
gn
ise
 
 
co
m
po
n
en
ts  
of
 bl
oo
d;
 
 
2.
 
re
co
gn
ise
 
 
th
e  f
un
cti
on
 
 
of
 bl
oo
d;
 
 
3.
 
re
co
gn
ise
 
 
ho
w
 
 
th
e  o
rg
an
s  
w
or
k 
an
d 
re
la
te
 
 
to
 
 
ot
he
r  
sy
st
em
s;
 
 
4.
 
be
 
 
w
ar
e  
of
 b
lo
od
 di
se
as
es
.  
Th
e  c
hi
ld
 sh
ou
ld
 :  
1.
 
be
 
 
ab
le
 
 
to
 
 
id
en
tif
y  p
ar
ts  
of
 th
e  a
lim
en
ta
ry
 
 
sy
st
em
 
 
an
d 
th
e  r
ol
e  p
la
y  i
n  
di
g e
sti
on
..  
2.
 
re
co
gn
ise
 
 
th
at
 
 
fo
od
s  a
re
 
 
ch
em
ica
ls.
 
 
3.
 
be
 
 
ab
le
 
 
to
 
 
de
sc
rib
e  d
ig
es
tio
n
 
 
an
d 
ab
so
rp
tio
n
.  
Th
e  c
hi
ld
 sh
ou
ld
 
 
be
 
 
ab
le
 
 
to
:  
1.
 
 
re
co
gn
ise
 
 
th
at
 
 
th
e  b
re
ak
do
wn
 
 
of
 fo
od
 
 
is  
bo
th
 
a
 
 
ph
ys
ica
l c
ha
n
ge
 
 
an
d 
an
 
 
en
zy
m
e  
ac
tio
n
 
 
(ch
em
ica
l c
ha
n
ge
).  
2.
 
re
co
gn
ise
 
 
w
ha
t  h
ap
pe
n
s  
to
 
 
ab
so
rb
ed
 fo
od
;  
3.
 
re
co
gn
ise
 
 
th
e  f
at
e  o
f e
xc
es
s  f
oo
d.
 
 
g 
H 
,., 
E 
m.  
Qtr 
Circu
la
to
ry  
Sy
ste
m.  
Dig
es
tiv
e  
Sy
ste
m.  
YEAR 3 
Foo
d s
torag
e.  
1.
 
 
Us
e  c
ha
rt
s  t
o  
tra
ce
 
 
pa
th
wa
ys
 
 
o
f n
erv
ou
s  
m
es
sa
ge
s.
 
 
Ex
am
in
e  
an
d 
rel
ate
 
 
th
is  
to
 
 
sa
y  
a  
to
uc
h 
on
 
 
a  
ho
t  i
ro
n
.  
2.
 
 
Tr
ea
t  e
ac
h 
se
n
se
 
 
or
ga
n
 
 
sim
ply
:  
(a) 
To
n
gu
e  
-
 
 
ta
st
e  
v
ar
io
u
s  
th
in
gs
 
 
to
 
 
lo
ca
te
 
 
sp
ot
s  o
f 
se
n
sit
iv
ity
 
 
on
 
 
to
n
gu
e;
 
 
(b) 
Ey
e  
-
 
 
H
ow
 
 
far
/n
ea
r  
ca
n
 
 
yo
u
 
 
re
ad
?
 Co
lo
ur
  bl
in
dn
es
s.  
(c) 
Ea
r  -
 
 
H
ow
 
 
go
od
 is  
yo
ur
  h
ea
rin
g?
 
3.
 
 
Di
sc
us
s  
pr
in
cip
le
s  b
y  w
hi
ch
 gl
as
se
s  c
or
re
ct
 
 
sh
or
t  a
nd
 lon
g  
sig
ht
ed
ne
ss
.  
1.
 
W
ith
 th
e  a
id
 of
 ch
ar
ts
,  l
ea
d  
a  
dis
cu
ss
io
n  
to
 
 
im
pr
es
s  
on
 
 
th
e  
ch
ild
 
 
th
at  
re
pr
od
uc
tio
n  i
s  '
gi
vi
ng
 
 
ris
e  t
o  
th
e  y
ou
n
g  a
fte
r  
on
e'
s  
ki
nd
'.
 
 
2.
 
Us
e  a
  c
ha
rt,
 
 
m
od
el,
 
 
or
  s
pe
cim
en
 
 
to
 
 
id
en
tif
y  m
ain
 
 
pa
rts
 
 
of
 
th
e  r
ep
ro
du
ct
iv
e  
sy
st
em
.  
3
 Le
t  c
hi
ld
ren
 
 
de
v
elo
p  a
  s
um
m
ar
y  
of
 re
pr
od
uc
tio
n
 
 
in
 
 
a  
cy
cl
e  
fo
rm
.  
4.
 
Le
t  c
hi
ld
ren
 
 
de
v
elo
p  s
im
pl
e  f
am
ily
 
 
tre
e  
of
 th
ei
r  r
es
pe
ct
iv
e
 
 
fam
ili
es
.  (T
hi
s  i
s  p
o
ss
ib
le
 
 
be
ca
us
e  
th
er
e  
ha
s  b
ee
n  
re
pr
od
uc
tio
n).
 
 
5.
 
Ca
re
fu
l d
isc
us
sio
n
s  
(  le
d
 by
 
 
te
ac
he
r)  
on
 
 
ch
an
ge
s  
n
ot
ice
ab
le
 
 
at
 
 
pu
be
rt
y.
 
 
 
1.
 
Le
t  c
hi
ld
ren
 
 
m
en
tio
n/
de
sc
rib
e  c
om
m
on
 
 
di
se
as
es
.  H
elp
 
 
th
em
 
 
di
sc
o
ve
r  
th
e  c
au
se
s
 
 
an
d 
wh
at
 
 
ca
n  
be
 
 
do
n
e  
ab
ou
t  t
he
m
.  
2.
 
Le
t  t
he
m
 
 
ex
am
in
e  h
ow
 
 
il
l h
ea
lth
 m
ay
 
 
re
ta
rd
 gr
ow
th 
ph
ys
ica
lly
 
 
an
d m
en
ta
lly
.  
3.
 
Ro
le
 
 
of
 ex
er
cis
e  a
nd
 go
od
 fo
od
.  L
et
 
 
th
em
 
 
un
de
rt
ak
e  
va
rio
us
 
 
pr
oje
cts
 
 
on
 
 
hy
gi
en
e  
of
 ho
m
e  
an
d 
sc
ho
ol
 co
m
po
un
d.
 
 
Le
t  t
he
 
 
re
su
lt  
be
 
 
ta
bu
lat
e  
an
d
 di
sc
us
se
d.
 
 
1.
 
Th
e  C
NS
 (C
en
tra
l N
er
vo
us
 
 
Sy
st
em
)  a
s  
ce
n
tre
 
 
of
 se
n
sit
iv
ity
,  
br
ain
 
 
,  
sp
in
al 
co
rd
 st
im
ul
i g
o
 
 
vi
a  n
er
ve
s.
 
 
Si
m
pl
e  r
ef
lex
 
 
ac
tio
n  
an
d e
xa
m
ple
s.  
2.
 
Se
n
se
 
 
or
ga
n
s:
 
 
ey
e,
 
 
ea
r,
 
 
n
os
e,
 
 
to
ng
ue
 
 
an
d 
sk
in
.  
3.
 
Ty
pe
s  
of
 ey
e  
de
fe
cts
 
 
an
d 
th
eir
 
 
co
rr
ec
tio
n
 
 
w
ith
 
g l
as
se
s/l
en
se
s.
 
 
1.
 
D
ef
in
iti
on
 
 
of
 re
pr
od
uc
tio
n
.  
2.
 
M
ain
 
 
pa
rts
 
 
of
 th
e  
re
pr
od
uc
tiv
e  s
ys
te
m
.  
3.
 
Re
pr
od
uc
tio
n  
an
d
 fam
ily
 
 
tre
e.
 
 
4.
 
Th
e  h
um
an
 
 
re
pr
od
uc
tio
n  
cy
cle
.  
5.
 
Ch
an
ge
s  
th
at  
ac
co
m
pa
n
y  
pu
be
rty
 
 
in  
bo
ys
 
 
an
d 
gi
rls
.  
1.
 
H
ea
lth
 an
d
 its
 
 
m
ain
te
na
n
ce
.  
2.
 
Ne
ed
 
 
of
 h
ea
lth
 in
 
 
gr
ow
th
.  
3.
 
Ke
ep
in
g  f
it  
thr
ou
gh
 g
o
od
 
ex
er
cis
e,
 
 
go
od
 di
et,
 
 
go
o
d 
hy
gi
e n
e.
 
 
4.
 
Dr
ug
 
 
ab
us
e.
 
 
Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le  
to
:  
1.
 
tra
ce
 
 
ho
w  
a  
sti
m
ul
us
 
 
is  
re
ce
ive
d 
an
d 
re
sp
on
de
d  
to
;  
2.
 
ide
nt
ify
 
 
th
e  s
en
se
 
 
or
ga
n
s;
 
 
3.
 
ob
se
rv
e  
th
e  f
un
ct
io
n
in
g  o
f t
he
 
 
or
ga
n
s;
 
 
4.
 
ex
am
in
e  d
ef
ec
ts
 
 
in
 
 
th
e  o
rg
an
s.
 
 
Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le  
to
:  
1.
 
de
ve
lo
p  t
he
 
 
de
fin
iti
on
 
 
of
 re
pr
od
uc
tio
n
;  
2.
 
id
en
tif
y  t
he
 
 
m
ain
 
 
pa
rt
s  o
f t
he
 
 
re
pr
od
uc
tiv
e  
sy
st
em
;  
3.
 
kn
ow
 
 
th
at  
re
pr
od
uc
tio
n
 
 
pr
es
er
ve
s  
sp
ec
ies
;  
4.
 
de
ve
lo
p  s
im
ple
 
 
hu
m
an
 
 
re
pr
od
uc
tiv
e  c
yc
le;
 
 
5.
 
re
co
gn
ise
 
 
se
co
n
da
ry
 
 
(bi
olo
gi
ca
l/b
od
y  )
 
 
se
x
ua
l 
ch
an
ge
s.
 
 
Th
e  c
hi
ld
 
 
sh
ou
ld
:  
1.
 
kn
ow
 
 
th
e  c
au
se
s  
of
 co
m
m
on
 
 
ill
 he
alt
h;
 
 
2.
 
kn
ow
 
 
an
d 
ob
se
rv
e  
sim
ple
 
 
ru
les
 
 
o
f k
ee
pin
g  f
it.
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1.  
Im
pr
ov
in
g  p
er
so
n
al
 cl
ea
n
lin
es
s  b
y  r
eg
u
lar
 
 
br
us
hi
ng
 
 
o
f t
ee
th
,  
re
gu
lar
 
 
ba
th
in
g,
 
 
w
as
hi
ng
 
 
of
 ha
ir  
an
d 
re
gu
la
r  
la
un
dr
y  o
f c
lo
th
,  
cu
tti
ng
 
 
o
f n
a il
s,  
et
c.  
2.
 
 
Po
llu
te
d
 W
at
er
 
 
in
 
 
th
e  h
om
e:
 
 
(a) 
id
en
tif
ic
at
io
n  
of
 p
ol
lu
ted
 w
at
er
 
 
by
 
 
co
lo
ur
 
 
,  
o d
ou
r,
 
 
cl
ar
ity
,  e
tc
.  
(b) 
aw
ar
en
es
s  
of
 he
alt
h  
ha
za
rd
s  i
n  
dr
in
ki
ng
 
 
an
d 
us
in
g  d
irt
y  a
n
d 
po
llu
te
d 
wa
te
r,  
ad
va
n
ta
ge
s  
of
 p
ip
e-
bo
rn
e  
w
at
er
,  
(c) 
pu
rif
ic
ati
on
 
 
o
f w
at
er
 
 
ob
ta
in
ed
 fro
m
 
 
w
el
ls  
or
 
 
st
re
am
s,
 
 
by
 
 
bo
ili
ng
,  
fil
ter
in
g,  
an
d 
ad
din
g  c
he
m
ica
l e
.g
.  c
hl
or
in
e.  
3.  
Po
llu
te
d 
air
 
 
in
 
 
th
e  h
om
e:
 
 
(a) 
Ca
us
es
:  P
oo
r  
ve
n
til
ati
on
,  o
v
er
-c
ro
w
di
ng
 
 
in
 
 
th
e  b
ed
ro
om
,  
bu
rn
in
g  o
f c
oa
l,  
m
os
qu
ito
 
 
co
il,
 
 
in
ce
n
se
 
 
in
 
 
th
e  r
oo
m
,  f
ou
l g
er
m
-
ca
rr
yin
g  a
ir  
fro
m
 
 
di
rty
 
 
ki
tch
en
,  t
oi
let
s  a
n
d 
su
rr
ou
n
di
ng
s.
 
 
(b) 
A
wa
re
n
es
s  
of
 da
n
ge
r  
of
 p
ol
lu
ted
 ai
r  i
n  t
he
 
 
ho
m
e  e
.g
.  a
sp
hy
x
ia
.  
(c) 
Pr
ev
en
tio
n  
of
 po
llu
te
d 
air
 
 
e.
g.
 
 
ad
eq
ua
te
 
 
ve
n
til
ati
on
 
 
in
 
 
th
e  r
oo
m
,  
av
oid
an
ce
 
 
of
 bu
rn
in
g  o
f c
oa
l,  
m
os
qu
ito
 
 
co
il,
 
 
an
d
 in
ce
n
se
 
 
in
 
 
cr
ow
de
d 
m
om
s,
 
 
al
so
 
 
re
gu
lar
 
 
du
sti
ng
.  
4.
 
 
D
irt
y  E
nv
iro
n
m
en
t  a
ro
un
d 
th
e  h
om
e:
 
 
(a) 
id
en
tif
ic
ati
on
 
 
of
 di
rty
 
 
en
vi
ro
n
m
en
t  e
.g
.  l
itt
eri
ng
 
 
o
f r
efu
se
,  p
o
or
 
 
se
w
ag
e,
 
 
la
ck
 of
 or
 
 
po
or
 
 
m
ain
te
n
an
ce
 
 
of
 to
ile
ts
.  (b)
 
pr
ev
en
tio
n  
ag
ai
ns
t  h
av
in
g  d
irt
y  e
n
vir
on
m
en
t,  
by
 
 
re
gu
lar
 
 
sw
ee
pi
ng
s  
of
 ho
m
e
 
 
an
d 
su
rr
ou
nd
in
gs
,  r
eg
ul
ar
 
 
cle
an
in
g  o
f g
u
tte
rs
,  
an
d  
du
m
pi
ng
 
 
o
f g
ar
ba
ge
s  
in
 
 
pr
ov
id
ed
 b
in
s  a
n
d 
ar
ea
s.
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1.
 
D
em
on
st
ra
te
 
 
th
e  u
se
 
 
of
 va
rio
us
 
 
en
er
gy
 
 
ap
pl
ian
ce
s  
in
 
 
th
e  s
tu
de
n
ts
 
 
en
vi
ro
nm
en
t  .
 
 
2.
 
Le
ad
 a  
di
sc
us
sio
n
 
 
in
 
 
th
e  
va
rio
us
 
 
av
ail
ab
le
 
 
en
er
gy
 
 
so
ur
ce
s  
in
 
 
Ni
g e
ria
.  
3.
 
sim
pl
y  t
he
 
 
co
n
ce
pt
s  o
f h
ea
t.  
el
ec
tri
ca
l,  
lig
ht
  en
er
gy
,  l
ig
ht
  
en
er
gy
 
 
et
c.
 
 
 
D
ra
w
 
 
he
av
ily
 
 
on
 
 
th
e  e
xp
er
ien
ce
 
 
of
 th
e  p
u
pi
ls  
on
 
 
th
is  
to
pi
c.  
In
str
uc
t  t
he
m
 
 
to
 
 
co
lle
ct
 
 
in
fo
rm
at
io
n  f
or
  pe
rfo
rm
an
ce
 
 
ob
jec
tiv
es
 
 
(1
)  an
d 
(3)
.  D
ur
in
g  
cl
as
sr
o
om
 
 
di
sc
us
sio
n
,  e
x
pl
ain
 
 
th
e  
m
ea
n
in
g  o
f d
om
in
an
t  a
n
d 
re
ce
ss
ive
 
 
tra
its
,  i
llu
st
ra
tin
g  w
ith
 
ex
am
pl
es
 
 
br
ou
gh
t  f
ro
m
 
 
ho
m
e.
 
 
Po
in
t  o
ut
 
 
tre
n
ds
 
 
in
 
 
a  
pa
rti
cu
lar
  
fa
m
ily
 
 
tre
e.
 
 
1.
 
 
Fa
ct
or
s  
th
at  
af
fe
ct  
gr
o
w
 
 
th
e  a
nd
 de
ve
lo
pm
en
t:  
(a) 
Fo
od
 -  
ty
pe
s  
of
 fo
od
 in
clu
di
ng
 
 
br
ea
st  
m
ilk
 n
ut
rie
n
ts
 
 
in
 
 
di
ffe
re
n
t  
ty
pe
s  
of
 fo
od
;  V
ita
m
in
s  -
 
 
ba
lan
ce
d
 di
et:
 
 
co
m
po
sit
io
n
 
 
an
d
 fre
qu
en
cy
 
 
of
 ba
lan
ce
d
 di
et  
-
 
 
so
ur
ce
s  
of
 fo
od
 
in
clu
di
ng
 
 
ho
m
e  
ga
rd
en
in
g,
 
 
po
ul
try
 
 
et
c.
 
 
to
 
 
su
pp
lem
en
t  o
th
er
  
re
so
ur
ce
s  
o
f f
oo
d  
fo
r  t
he
 
 
ho
m
e.
 
 
(b) 
D
ise
as
es
.  
(c)
H
er
ed
ita
ry
 
 
fac
to
rs
.  
2.
 
 
Cu
lti
va
tio
n  
an
d h
ar
ve
sti
ng
 
 
of
 cr
o
ps
.  
1.
 
 
Us
e  o
f e
n
er
gy
 
 
in
 
 
th
e  h
om
e  
e.
g.
 
 
w
alk
in
g,
 
 
do
in
g  h
ou
se
 
 
ho
ld
 w
or
k 
an
d 
pla
yi
ng
,  c
o
ok
in
g  s
ee
in
g,
 
 
op
er
at
in
g  a
pp
lia
n
ce
s.
 
 
2.
 
 
En
er
gy
 
 
so
ur
ce
s:
 
 
(a) 
n
at
ur
al 
so
ur
ce
s  
e.
g.
 
 
fo
od
 su
n
,  w
oo
d.
 
 
co
al,
 
 
n
at
ur
al 
ga
s,
 
 
oi
ls  
an
d 
fa
ts
.  
(b) 
m
an
u
fa
ct
ur
ed
 so
ur
ce
s  
e.
g.
 
 
ba
tte
rie
s,  
ge
n
er
at
or
s  a
n
d e
lec
tri
cit
y  
fro
m
 
 
th
e  m
ain
s.  
(c) 
pe
tro
leu
m
 
 
pr
od
uc
t  e
.g
.  k
er
o
se
n
e.
 
 
3.
 
 
Fo
rm
s  
o
f e
n
er
gy
:  H
ea
t,  
El
ec
tri
ca
l,  
Li
gh
t,  e
tc
.  
 
1.
 
Id
en
tif
ic
ati
on
 
 
of
 m
em
be
rs  
of
 th
e  n
uc
lea
r  
fam
ily
 
 
an
d 
ex
te
nd
ed
 
fa
m
ily
.  
2.
 
Id
en
tif
ic
ati
on
 
 
of
 ph
ys
ica
l r
es
em
bl
an
ce
s  
an
d
 di
ffe
re
nc
es
 
 
in
 
 
th
e  
n
uc
lea
r  
an
d e
xt
en
de
d  
fa
m
ily
 
 
e.
g.
 
 
6t
h
 fin
ge
r,
 
 
he
igh
t,  b
ald
ne
ss,
 
 
fa
tn
es
s  
et
c.
 
 
3
 Id
en
tif
ica
tio
n
 
 
of
 do
m
in
an
t/r
ec
es
siv
e  t
ra
its
 
 
of
 th
es
e  r
es
em
bl
an
ce
s  
as
 
 
th
ey
 
 
ap
pe
ar
/d
isa
pp
ea
r  
in
 
 
3 s
uc
ce
ss
iv
e  
ge
ne
ra
tio
n
s.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 
 
be
 
 
ab
le  
to
:  
1.
 
na
m
e  
th
in
gs
 
 
th
at
 
 
aff
ec
t  c
hi
ld
's
 
 
gr
ow
 
 
th
e  
an
d
 de
ve
lo
pm
en
t,  
2.
 
cla
ss
ify
 
 
fo
od
s  t
ha
t  a
re
 
 
co
m
m
on
 
 
in
 
 
th
eir
 
 
lo
ca
lit
y;
 
 
3.
 
st
at
e  
nu
tri
en
ts
 
 
fo
un
d
 in
 
 
di
ffe
re
nt
 
 
fo
od
 
ty
pe
s;
 
 
4.
 
st
a t
e  
th
e  c
om
po
sit
io
n
 
 
of
 a  
ba
lan
ce
d  d
iet
 
 
fo
r  
br
ea
kf
as
t,  
lu
n
ch
 an
d
 di
nn
er
,  
5.
 
cle
an
 
 
a  
su
ita
bl
e  s
ite
 
 
ne
ar
  th
eir
 
 
ho
m
e  a
n
d 
so
w
 
 
vi
ab
le
 
 
se
ed
s;  
6.
 
ca
re
 
 
fo
r  
th
e  g
ro
w
in
g  p
lan
ts
 
 
by
 
 
w
ee
di
ng
,  
m
an
ur
in
g  a
nd
 
 
ap
pl
yi
ng
 
 
fe
rti
liz
ers
,  w
at
er
in
g  
an
d 
rem
ov
in
g  p
es
ts
;  
7.
 
ha
rv
es
t  t
he
 
 
pr
od
uc
t.  
Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le  
to
:  
1.
 
lis
t  u
se
s  
of
 en
er
gy
 
 
in
 
 
th
e  h
om
e;
 
 
2.
 
na
m
e  
so
ur
ce
s  
o
f t
ha
t  e
n
er
gy
;  
3.
 
re
co
gn
ise
 
 
va
rio
us
 
 
fo
rm
s  
of
 en
er
gy
.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le  
to
:  
1.
 
n
am
e  
m
em
be
rs  
of
 th
eir
 
 
nu
cle
ar
 
 
an
d  
ex
te
n
de
d  f
am
ily
;  
2.
 
pr
ep
ar
e  
a  
fam
ily
 
 
tre
e  
fro
m
 
 
th
e  i
nf
or
m
at
io
n
 
 
in
 
 
(1
);  
3.
 
id
en
tif
y  p
hy
sic
al 
re
se
m
bl
an
ce
s  
an
d 
di
ffe
re
n
ce
s  
am
on
gs
t  m
em
be
rs
 
 
of
 th
e  f
am
ily
.  
4.
 
re
co
gn
ise
 
 
do
m
in
an
t  t
ra
its
 
 
in
 
 
th
e  f
am
ily
;  
5.
 
sh
ow
 
 
th
e  t
re
nd
 of
 ap
pe
ar
an
ce
s  
of
 
do
m
in
an
t  t
ra
its
 
 
in
 
 
th
e  f
am
ily
 
 
tre
e  
(3 
ge
n
er
at
ion
s).
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A
 g
u
id
ed
 to
ur
/v
isi
t  o
f a
 
 
lo
ca
l 
ho
sp
ita
l e
ss
en
tia
l t
o  p
ro
v
id
e  
kn
ow
led
ge
 
 
or
 
 
lo
ca
l d
ise
a
se
s  
an
d 
ch
ild
 bi
rth
.  
2.
 
Fm
di
ng
 
 
ou
t  a
n
d
 in
su
rin
g  t
ha
t  
th
e  c
hi
ld
 ha
s  b
ee
n
 
 
im
m
un
iz
ed
 
ag
ai
ns
t  d
ise
as
es
 
 
m
en
tio
ne
d  
ab
ov
e.
 
 
3.
 
Le
ad
 di
sc
us
sio
n
 
 
on
 
 
ch
ild
 
re
ar
in
g  a
n
d 
so
ci
ali
sa
tio
n
.  
1.
 
Pu
pi
ls  
br
in
g  s
om
e  
el
ec
tri
ca
l 
ap
pl
ian
ce
s  
to
 
 
sc
ho
ol
 w
ith
 m
in
or
 
 
fa
ul
ts
 
 
an
d 
ar
e  
gu
id
ed
 in
 
 
id
en
tif
yi
ng
 
 
at
 
 
le
as
t  4
 p
os
sib
le
 
 
fa
ul
ts  
in
 
 
ea
ch
.  
N
.B
.  T
he
 
 
te
ac
he
r  
sh
ou
ld
 ta
ke
 
 
an
d 
te
ac
h,
 
 
sa
fe
ty
 
 
pr
ec
au
tio
n
s  
du
rin
g  
th
is  
ac
tiv
ity
.  
2.
 
D
em
on
str
at
e  c
on
ve
rs
io
n
 
 
o
f 
en
er
gy
.  
 
1.  
M
ed
ica
l C
ar
e:
 
 
(a) 
im
po
rta
n
ce
 
 
of
 im
m
un
iza
tio
n
 
 
an
d 
pr
ev
en
tio
n
 
 
ag
ai
ns
t  d
ise
as
es
 
 
lik
e  
m
ea
sle
s,  
sm
al
lp
ox
,  p
ol
io
,  t
ub
er
cu
lo
sis
,  w
ho
op
in
g  c
ou
gh
 ,  y
el
lo
w
 
 
fe
ve
r,
 
 
ch
ol
er
a,
 
 
m
a l
a r
ia;
 
 
(b) 
re
gu
la
r  
re
ad
in
g  a
cc
or
di
ng
 
 
to
 
 
do
ct
or
's
 
 
or
 
 
m
id
wi
fe
's
 
 
di
re
cti
ve
s;  
(c) 
aw
ar
en
es
s  
th
at
 
 
ea
ch
 ch
ild
 is  
an
 
 
in
di
vi
du
al
 w
ith
 u
n
iq
u
e  
ph
ys
ica
l,  
m
en
ta
l a
n
d 
ps
yc
ho
m
ot
or
 
 
sk
ill
s.  
2.
 
 
So
cia
liz
ati
on
 
 
of
 th
e  c
hi
ld
-  t
he
 
 
di
re
ct
 
 
re
sp
on
sib
ili
ty
 
 
of
 th
e  p
ar
en
ts  
in
:  
(a) 
di
sc
ip
lin
e,  
(b) 
lea
rn
in
g  o
f c
ul
tu
ra
l n
or
m
s.
 
 
 
1.
 
Ap
pl
ian
ce
s  
in
 
 
th
e  h
om
e  
(di
ffe
re
n
tia
tio
n
 
 
of
 tr
ad
iti
on
al 
an
d 
m
od
ern
 
 
ap
pli
an
ce
s).
 
 
2.
 
C
on
ve
rs
ion
 
 
of
 E
ne
rg
y  
in
 
 
th
e  h
om
e:
 
 
(a) 
ch
em
ica
l e
n
er
gy
 
 
to
 
 
he
at
 
 
an
d
 lig
ht
 
 
(bu
rn
in
g  f
ire
 
 
w
o
od
,  o
r  
ca
nd
le
);  (b) 
el
ec
tri
ca
l e
n
er
gy
 
 
to
 
 
he
a
t,  
lig
ht
,  s
ou
n
d,
 
 
m
ec
ha
n
ica
l e
n
er
gy
 
 
e.
g.
 
 
el
ec
tri
c  i
ro
n
,  T
.V
.  r
ad
io
,  t
el
ep
ho
n
e,
 
 
el
ec
tri
c  b
el
l,  g
rin
de
r,
 
 
fa
n
s.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 
 
be
 
 
ab
le
 
 
to
:  
1.
 
n
am
e  
di
se
as
es
 
 
th
at
 
 
ar
e  
co
m
m
on
 
 
in
 
 
ch
ild
re
n
 
 
in
 
 
Ni
ge
ria
 
 
an
d 
sta
te
 
 
ho
w
 
 
to
 
 
pr
ev
en
t  
th
em
;  
2.
 
lis
t  t
he
 
 
sy
m
pt
om
s  
o
f t
he
se
 
 
di
se
as
es
;  
3.
 
sta
te
 
 
th
e  d
ise
as
es
 
 
ag
ain
st  
w
hi
ch
 th
ey
 
 
ha
ve
 
 
be
en
 
 
im
m
un
iz
ed
;  
4.
 
sta
te
 
 
th
e  i
m
po
rta
n
ce
 
 
of
 g
oo
d 
ch
ild
 re
ar
in
g  
an
d 
so
cia
liz
at
io
n
.  
Th
e  c
hi
ld
 sh
ou
ld
 
 
be
 
 
ab
le
 
 
to
:  
1.
 
n
am
e  
th
e  a
pp
lia
n
ce
s  
in
 
 
th
e  h
om
e  
an
d 
di
sc
us
s  
ho
w
 
 
th
ey
 
 
fu
n
ct
io
n
;  
2.
 
re
co
gn
ise
 
 
th
at
 
 
en
er
gy
 
 
is  
co
n
ve
rt
ed
 fr
om
 
 
on
e  
fo
rm
 
 
to
 
 
an
ot
he
r  i
n  t
he
 
 
ho
m
e;
 
 
3.
 
su
gg
es
t  p
os
sib
le
 
 
fa
ul
ts  
in
 
 
an
 
 
el
ec
tri
ca
l 
ap
pl
ian
ce
 
 
th
at
 
 
fa
ils
 
 
to
 
 
fu
n
ct
io
n
..  
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Ex
am
in
e  c
el
ls  
fr
om
:  
(a) 
ep
ith
eli
al
 liv
in
g  f
ro
m
 
 
in
sid
e  o
f h
um
an
 
 
ch
ee
k;
 
 
(b) 
ep
id
er
m
is  
o
f s
w
ol
len
 
 
lea
f o
f o
n
ion
 
 
bu
lb
 
 
or
 
 
w
at
er
-le
af
;  
2.
 
Co
lle
ct
 
 
di
ff
er
en
t  t
yp
es
 
 
o
f m
at
ter
 
 
fr
om
 
 
th
e  e
n
vir
on
m
en
t.  
3.
 
So
rt  
co
m
m
on
 
 
ex
am
pl
es
 
 
of
 m
at
ter
 
 
in
to
 
 
liv
in
g  m
at
ter
 
 
an
d 
n
on
-li
vi
ng
 
 
m
at
te
r.
 
 
4.
 
O
bs
erv
e
 
 
ch
ar
ac
ter
ist
ic
s  o
f l
iv
in
g  t
hi
ng
s  
am
on
g  m
at
ter
 
 
fo
un
d  
in
 
 
w
at
er
,  o
n
 
 
la
n
d,
 
 
an
d 
th
e  a
ir.
 
 
1.
 
 
Co
m
pa
re
 
 
a  
flo
w
er
in
g  p
lan
t  i
n  t
he
 
 
n
eig
hb
ou
rh
oo
d 
wi
th
 an
 
 
en
clo
se
d  
bu
t  l
iv
in
g  a
n
im
al 
us
in
g  t
he
 
 
ch
ar
ac
te
ris
tic
s  
of
 liv
in
g  
th
in
gs
.  
2.
 
 
Ex
am
in
e  a
n
d  
co
m
pa
re
 
 
a  
pl
an
t  c
ell
 w
ith
 an
 
 
an
im
al 
ce
ll.
 
 
3.  
Ex
am
in
e  a
 
 
co
lle
cti
on
 
 
of
 or
ga
n
ism
s  
as
se
m
bl
ed
 to
 
 
sh
ow
 
 
v
ar
iet
y  a
m
on
g  o
rg
an
ism
s.
 
 
4.
 
 
Cl
as
sif
y  p
la
n
ts  
in
to
 
 
flo
we
rin
g  a
n
d 
no
n
-fl
ow
eri
ng
.  
5.
 
 
Cl
as
sif
y  a
n
im
al
s  i
nt
o  
ve
rt
eb
ra
te
s  a
nd
 n
on
-v
er
teb
ra
te
s.  
6.
 
 
Cl
as
sif
y  
v
er
teb
ra
te
s  i
nt
o  
th
e  f
ol
lo
w
in
g  g
ro
u
ps
:  f
ish
es
,  
re
pt
ile
s,  
am
ph
ib
ia
ns
,  b
ird
s,  
m
am
m
al
s.  
 
1.
 
O
bs
er
ve
 
 
an
im
al
s  i
llu
str
ati
ng
 
 
di
ffe
re
n
t  m
et
ho
ds
 
 
of
 
lo
co
m
ot
io
n
.  
2.
 
W
at
ch
 sl
ow
-m
ot
io
n
 
 
fi l
m
 
 
ill
us
tra
tin
g  
di
ffe
re
n
t  m
eth
od
s  o
f 
lo
co
m
ot
io
n
.  
1.
 
Ch
ar
ac
ter
ist
ic
s  o
f l
iv
in
g  
th
in
gs
;  c
ell
ul
ar
 
 
co
m
po
sit
io
n
,  
lo
co
m
ot
io
n
,  f
ee
di
ng
,  e
x
cr
et
io
n
,  
re
sp
ira
tio
n
,  ir
rit
ab
ili
ty
,  g
ro
w
th
,  
re
pr
od
uc
tio
n
.  
2.
 
Cl
as
sif
ica
tio
n
 
 
o
f m
at
ter
 
 
in
to
 
 
liv
in
g  m
at
ter
 
 
an
d  
n
on
-li
vi
ng
 
 
th
in
g  m
at
ter
 
 
1.
 
 
Co
m
pa
ris
on
 
 
of
 p
la
n
ts  
an
d 
an
im
al
s  u
sin
g  t
he
 
 
ch
ar
ac
te
ris
tic
s  o
f l
iv
in
g  t
hi
ng
s.
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Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
id
en
tif
y  a
 
 
liv
in
g  t
hi
ng
;  
2.
 
id
en
tif
y  a
 
 
n
on
-li
vi
ng
 
 
th
in
g;
 
 
3.
 
so
rt  
ou
t  d
iff
er
en
t  e
x
am
pl
es
 
 
o
f m
at
te
r  
in
to
 
 
liv
in
g  m
at
ter
 
 
an
d 
no
n
-li
vi
ng
 
 
m
at
ter
.  
1.
 
cl
as
sif
y  o
rg
an
ism
s  i
nt
o  
pl
an
ts
 
 
or
 
 
an
im
als
;  
2.
 
id
en
tif
y  a
n
 
 
or
ga
n
ism
 
 
as
 
 
eit
he
r  
a  
pl
an
t  c
c  
an
 
 
an
im
al;
 
 
3.
 
de
sc
rib
e  t
he
 
 
di
sti
ng
u
ish
in
g  c
ha
ra
ct
er
ist
ic
s  
of
 
pl
an
ts  
an
d  
an
im
als
;  
4.
 
ob
se
rv
e  
di
ve
rs
ity
 
 
am
on
g  
o
rg
an
ism
s;
 
 
e.
g.
 
 
flo
we
rin
g  a
n
d  
n
on
-fl
ow
er
in
g  p
la
nt
s.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
st
at
e  t
he
 
 
pu
rp
os
es
 
 
se
rv
ed
 by
 
 
m
ov
em
en
ts
 
 
in
 
 
liv
in
g  t
hi
ng
s;
 
 
2.
 
di
sti
ng
ui
sh
 be
tw
ee
n
 
 
ty
pe
s  
of
 m
ov
em
en
t;  
3.
 
de
sc
rib
e  t
he
 
 
m
et
ho
ds
 
 
of
 lo
co
m
ot
io
n
 
 
on
 
 
lan
d,
 
 
in
 
 
w
at
er
 
 
an
d
 in
 
 
ai
r,  
4.
 
id
en
tif
y  l
oc
om
ot
or
y  o
rg
an
s;
 
 
5.
 
re
la
te
 
 
m
et
ho
ds
 
 
o
f l
oc
om
ot
io
n
 
 
to
 
 
st
ru
ct
ur
e  
of
 
lo
co
m
ot
or
y  o
rg
an
s;
 
 
6
 ill
us
tra
te
 
 
pa
ss
iv
e
 
 
m
ov
em
en
ts
 
 
am
on
g  
liv
in
g  
th
in
g s
;  
7.
 
 
lis
t  t
he
 
 
ef
fe
ct
s  o
f m
ov
em
en
t  o
n
 
 
po
pu
la
tio
n
.  
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(d)
 
 
R
es
pi
ra
tio
n
.  
Ex
am
in
e  l
un
gs
,  g
ill
s  a
n
d 
sto
m
at
a.
 
 
,.. 
,„ 	 0 	 .0 	 1 g 
- R 2 
- a. 
	 g  is .E 0 	 I 	 Po .r, ... 	 a 1 E i e 	 0 
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1.
 
Te
st  
fo
r  s
ta
rc
h.
 
 
2.
 
Te
st  
fo
r  
sta
rc
h
 in
 
 
a  
le
af
.  
3.
 
D
em
on
str
at
e  t
ha
t  s
un
lig
ht
 
 
is  
n
ec
es
sa
ry
 
 
fo
r  
ph
ot
os
yn
th
es
is.
 
 
4.
 
Sh
oe
 
 
by
 
 
ex
pe
rim
en
t  t
ha
t  c
hl
or
op
hy
ll
 is  
n
ec
es
sa
ry
 
 
fo
r  
ph
ot
os
yn
th
es
is.
 
 
5.
 
Ob
ser
ve
 
 
fee
di
ng
 
 
re
la
tio
n
s  
fr
om
 
 
th
e  e
n
vi
ro
n
m
en
t.  
6.
 
D
et
er
m
in
e  p
op
u
la
tio
n
 
 
de
n
sit
y  o
f p
lan
ts
 
 
by
 
 
th
e  q
u
ad
ra
t  
m
eth
od
. .  
7.
 
Co
n
du
ct
 
 
sp
ec
ifi
c  h
ab
ita
t  s
tu
di
es
 
 
in
clu
di
ng
 
 
te
rr
es
tri
al
 a
nd
 
aq
ua
tic
 
 
ha
bi
ta
ts
 
 
e.
g.
 
 
a  
pl
ay
in
g  f
ie
ld
,  a
 
 
po
n
d,
 
 
a
 
 
str
ea
m
 
 
or
 
 
a  
tr
ee
.  
8.
 
Pe
rfo
rm
 
 
sim
pl
e  e
x
pe
rim
en
ts
 
 
on
 
 
co
n
de
n
sa
tio
n
 
 
of
 w
at
er
 
 
va
po
ur
 
 
to
 
 
de
m
on
str
at
e  w
at
er
 
 
cy
cl
e.  
9.
 
Ob
ser
ve
 
 
th
e  i
nt
er
ac
tio
n
 
 
in
 
 
th
e  e
n
vi
ro
n
m
en
t  e
.g
.  
gr
as
sh
op
pe
r  
on
 
 
gr
as
s,
 
 
ra
t  o
n
 
 
fru
its
.  
 
1.
 
Co
lle
ct
 
 
sa
m
pl
es
 
 
su
ch
 a
s  c
as
sa
va
,  y
am
 
 
ric
e,
 
 
co
rn
,  o
il 
pa
lm
,  
ru
bb
er
,  c
oc
oa
,  g
ro
un
dn
ut
 
 
et
c.  
2.
 
Ch
ild
re
n
 
 
w
rit
e  o
n
 
 
ec
on
om
ic
 
 
im
po
rta
n
ce
 
 
o
f e
ac
h.
 
 
3.
 
Vi
sit
 
 
to
 
 
re
le
va
n
t  p
la
ce
s  o
f i
nt
er
es
t;  
ob
se
rv
e
 
 
an
d 
ga
th
er
 
 
da
ta
 
 
on
 
 
da
iry
 
 
pr
od
uc
ts
,  p
ou
ltr
y,  
fis
he
ry
 
 
an
d 
an
y  
o
th
er
 
 
in
 
 
th
e  
lo
ca
lit
y.  4.
 
W
at
ch
 fil
m
s  f
ro
m
 
 
M
in
ist
ry
 
 
of
 ag
ric
ul
tu
re
 
 
sh
ow
in
g  
pr
oc
es
sin
g  o
f h
id
es
 
 
an
d 
sk
in
.  
5.
 M
ak
e  d
ra
wi
ng
s  
of
 v
ar
io
us
 
 
an
im
als
 
 
u
se
d 
e.g
.  H
or
se
,  
Ca
m
el,
 
 
D
on
ke
y,
 
 
O
xe
n
 
 
et
c.  
an
d
 id
en
tif
y  t
he
ir  
lo
ca
tio
n
 
 
an
d 
ec
on
om
ic
 
 
im
po
rta
n
ce
.  
6.
 
Vi
sit
 
 
a
 
 
sa
w
 
 
m
ill
,  c
o
lle
ct
 
 
pi
ec
es
 
 
of
 ti
m
be
r  
an
d
 lis
t  u
se
s;
 
 
av
ail
ab
ili
ty
 
 
et
c.
 
 
7.
 
Ex
tr
ac
t  d
ye
s  
fr
om
 
 
flo
we
rs
,  l
ea
ve
s  
an
d
 ba
rk
.  
8.
 
Co
lle
ct
 
 
m
ed
ici
na
l p
lan
ts
 
 
fr
om
 
 
th
e  l
oc
al
ity
 
 
an
d 
wr
ite
 
 
ab
ou
t  
th
eir
 
 
u
se
s.
 
 
Te
ac
he
r  
de
m
on
str
at
e  f
erm
en
ta
tio
n
 
 
w
ith
 ye
as
t  a
n
d  
su
ga
r  
in
 
 
w
at
er
.  
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Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
lis
t  t
he
 
 
bi
ot
ic
 
 
an
d 
ab
io
tic
 
 
fa
ct
or
s  
of
 th
e  
en
vir
on
m
en
t;  
2.
 
st
at
e  t
ha
t  g
re
en
 
 
pl
an
ts  
ca
n
 
 
co
n
v
er
t  r
ad
ian
t  
en
er
gy
 
 
(fr
om
 
 
th
e  s
un
)  to
 
 
ch
em
ica
l e
n
er
gy
 
 
(in
 
 
fo
rm
 
 
of
 fo
od
);  
3.
 
st
at
e  t
ha
t  a
n
im
als
 
 
de
riv
e
 
 
th
eir
 
 
en
er
gy
 
 
fr
om
 
 
pl
an
ts;
 
 
4.
 
de
fin
e  p
op
ul
at
io
n
 
 
an
d 
co
m
m
un
ity
;  
5.
 
re
co
gn
ise
 
 
th
e  i
nt
er
-d
ep
en
de
n
ce
 
 
am
on
g  l
iv
in
g  
th
in
gs
;  
6.
 
re
co
gn
ise
 
 
th
e  n
ee
d
 fo
r  
m
ain
ta
in
in
g  b
ala
nc
e  
in
 
 
n
at
ur
e.
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1.
 
Co
lle
ct
 
 
di
ffe
re
n
t  t
yp
es
 
 
of
 m
at
ter
.  
2.
 
O
bs
er
ve
 
 
th
em
 
 
us
in
g  o
u
r  
di
ffe
re
nt
 
 
se
n
se
s.
 
 
1.
 
 
Cl
as
sif
y  
ob
jec
ts  
to
 
 
gr
ou
ps
 
 
ac
co
rd
in
g  t
o  
cr
ite
ria
 
 
of
 co
lo
ur
,  
sm
ell
,  t
ex
tu
re
,  t
as
te
,  s
ha
pe
 
 
et
c.  
Gr
ou
p  o
bje
cts
 
 
in
to
 
 
so
lid
,  l
iq
ui
d 
an
d 
ga
s.
 
 
1.
 
M
ea
su
re
 
 
w
ith
 e.
g.
 
 
fo
ot
,  s
pa
n
,  p
ac
e,
 
 
cu
bi
t  e
tc
.  a
n
d 
es
ta
bl
ish
 
th
e  n
ee
d
 fo
r  
a  
st
an
da
rd
 of
 m
ea
su
re
m
en
t.  
2.
 M
ea
su
re
 
 
w
ith
 m
etr
e  r
ul
e,
 
 
ba
lan
ce
,  c
lo
ck
,  t
he
rm
om
et
er
,  
m
ea
su
rin
g  c
yl
in
de
r,
 
 
et
c.  
N
.B
..:
 
 
Te
ac
he
r  
sh
ou
ld
 en
su
re
,  a
t  t
hi
s  e
ar
ly
 
 
st
ag
e
 
 
th
at
 
 
th
e  
ch
ild
re
n
 
 
ar
e  
fa
m
ili
ar
 
 
w
ith
 th
e  s
ca
le
 
 
re
ad
in
gs
 
 
of
 th
e  
m
ea
su
rin
g  
in
str
um
en
ts  
an
d 
m
ea
su
re
m
en
ts
 
 
sh
ou
ld
 be
 
 
re
co
rd
ed
 co
rr
ec
t  t
o  
th
e  m
in
im
um
 
 
sc
al
e  d
iv
isi
on
.  
3.
 
Co
ns
tru
ct
 
 
sim
pl
e  m
ea
su
rin
g  
de
vi
ce
s  
e.
g.
 
 
sh
ad
ow
 
 
cl
oc
k,
 
 
ca
n
dl
e  p
an
 
 
ba
lan
ce
,  s
pr
in
g  b
ala
n
ce
.  
1.
 
O
bs
erv
in
g  s
am
pl
es
 
 
of
 n
o
n
-
liv
in
g  t
hi
ng
s.
 
 
2.
 
Li
m
ita
tio
n
 
 
of
 ou
r  
se
n
se
s.
 
 
3.
 
U
se
 
 
of
 de
vi
ce
s  t
o  
aid
 ou
r  
se
n
se
s.
 
 
1.
 
Cr
ite
ria
 
 
fo
r  
cl
as
sif
ica
tio
n
 
 
-
 
 
co
lo
ur
,  s
m
el
l,  
siz
e  s
ha
pe
,  
te
xt
ur
e,
 
 
ta
ste
,  e
tc
.  
2.
 
Cl
as
sif
yi
ng
 
 
in
to
 
 
so
lid
s,  
liq
u i
ds
 
 
an
d 
ga
se
s.
 
 
1.
 
N
ee
d  
fo
ra
 
 
sta
n
da
rd
 of
 
m
e a
su
re
m
en
t.  
2.
 
M
ea
su
rin
g  d
ev
ic
es
 
 
-
 
 
m
et
re
 
 
ru
le
,  a
 
 
ba
la
n
ce
,  a
 
 
cl
oc
k,
 
 
a
 
 
th
er
m
om
et
er
 
 
cy
lin
de
r.
 
 
3.
 
M
ea
su
re
m
en
t  o
f l
en
gt
h,
 
 
m
as
s,
 
 
tim
e,  
te
m
pe
ra
tu
re
 
 
an
d 
of
 
vo
lum
e.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 b
e  a
bl
e  t
o:
 
 
1.
 
u
se
 
 
hi
s/h
er
 
 
se
n
se
s  
of
 fe
el
in
g  a
nd
 to
uc
hi
ng
,  
he
ar
in
g  ,
 
 
sm
el
lin
g  a
n
d 
ta
sti
ng
 
 
ac
cu
ra
te
ly
 
 
w
hi
le
 
 
ob
se
rv
in
g  t
hi
ng
s  
ar
ou
n
d;
 
 
2.
 
de
ve
lo
p  
sk
ill
 in
 
 
de
tai
le
d 
ob
ser
va
tio
n
s  
o
f 
th
in
g s
;  
3.
 
re
co
rd
 ac
cu
ra
te
ly
 
 
hi
s/h
er
 
 
ob
se
rv
at
io
n
;  
4.
 
ap
pr
ec
iat
e  t
he
 
 
lim
ita
tio
n
 
 
of
 u
sin
g  h
is/
he
r  
se
n
se
s.
 
 
 
Th
e  c
hi
ld
 
 
sh
ou
ld
 
 
be
 
 
ab
le
 
 
to
:  
1.
 
ch
oo
se
 
 
re
as
on
ab
le
 
 
cr
ite
ria
 
 
fo
r  
cl
as
sif
yi
ng
 
 
gi
ve
n
 
 
ob
jec
ts;
 
 
2.
 
id
en
tif
y  w
ha
t  o
bje
cts
 
 
ar
e  
so
lid
s,  
liq
u
id
s  a
nd
 
ga
se
s;
 
 
3.
 
id
en
tif
y  t
he
 
 
di
ffe
re
n
ce
s  
in
 
 
gr
ou
pi
ng
 
 
on
 
 
th
e  
ba
sis
 
 
o
f c
rit
er
ia.
 
 
Th
e  c
hi
ld
 
 
sh
o u
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
un
de
rs
ta
n
d 
th
e  n
ee
d  
fo
r  
a  
sta
n
da
rd
 of
 
m
ea
su
re
m
en
t;  
2.
 
de
m
on
str
at
e  k
no
wl
ed
ge
 
 
of
 th
e  S
.I.
 
 
Un
its
 
 
fo
r  
len
gt
h,
 
 
m
as
s,
 
 
tim
e;
 
 
3.
 
u
se
 
 
sim
pl
e  m
ea
su
rin
g  d
ev
ic
es
 
 
to
 
 
m
ea
su
re
 
 
so
m
e  
gi
ve
n
 
 
qu
an
tit
ies
;  
4.
 
co
n
str
uc
t  s
om
e  
sim
pl
e  m
ea
su
rin
g  d
ev
ice
s.
 
 
Y
EA
R
 1.
 
 
O
bs
er
vin
g  s
am
pl
es
 
 
of
 n
on
-li
vi
ng
 
 
th
in
gs
.  
Cl
as
sif
ic
ati
on
 
 
of
 
N
on
-li
vi
ng
 
 
co
m
po
n
en
ts.
 
 t s § 
1 
1.
 
Ob
ser
v
e  
gr
ad
ua
l c
ha
n
ge
s  
o
f s
ta
te
 
 
of
 w
at
er
.  
2.
 
Ob
se
rv
e  
gr
ad
ua
l s
pr
ea
d 
of
 po
ta
ss
iu
m
 
 
pe
rm
an
ga
na
te
 
 
in
 
 
w
at
er
.  
3.
 
Pe
rc
eiv
e  
th
e  s
m
ell
 of
 co
n
ce
n
tra
te
d a
qu
eo
us
 
 
am
m
on
ia.
 
 
4.
 
M
ix
 
 
eq
ua
l c
olu
m
n
 
 
of
 tw
o  d
iff
ere
n
t  m
ixa
bl
e  l
iq
ui
ds
 
 
an
d 
ex
pl
ain
 
 
th
e  n
at
ur
e  
of
 a  
m
ix
tu
re
.  
5.
 
Pe
rc
eiv
e  
th
e  s
m
ell
 of
 so
lid
 na
ph
th
ale
n
e  
(ca
m
ph
or
).  
1.
 
Ob
se
rv
e  
air
 
 
in
 
 
m
ot
ion
.  
2.
 
Fl
y  a
  ki
te  
or
  a
  ba
llo
o
n
.  
3.
 
Le
av
e  
a  
gl
as
s  o
f w
at
er
  o
v
er
ni
gh
t  (o
bs
er
ve
 
 
bu
bb
les
).  
4.
 
Bu
rn
 
 
a  
ca
n
dl
e  i
n  a
  gi
ve
n
 
 
v
ol
um
e  
of
 ai
r  t
o  
sh
ow
 
 
th
at  
air
 
 
is  
m
ad
e  u
p  o
f t
wo
 
 
m
ajo
r  
pa
rts
.  5.
 
W
eig
h 
a  g
ive
n  
vo
lum
e  
of
 ai
r.  
6.
 
D
em
on
st
ra
te
 
 
th
at  
air
 
 
ex
er
ts
 
 
pr
es
su
re
 
 
u
sin
g  p
ar
tia
lly
 
 
ev
ac
ua
te
d c
an
.  
7.
 
Us
e  a
  b
icy
cle
 
 
pu
m
p  t
o  
co
m
pr
es
s  
ai
r.  
8.
 
D
em
on
st
ra
te
 
 
ai
r  i
n  s
oi
l.  
 
1.
 
Se
t  u
p  s
im
ple
 
 
ex
pe
rim
en
t  t
o  
ill
us
tra
te
 
 
di
ss
olv
ed
 
su
bs
ta
n
ce
s  
in
 
 
w
at
er
,  t
o  
es
ta
bl
ish
 so
lu
tio
n
s,
 
 
su
sp
en
sio
n
s,
 
 
an
d 
co
llo
id
s.  
2.
 
Pu
rif
y  v
ar
io
us
 
 
sa
m
pl
e  o
f w
ate
r  
co
lle
cte
d.
 
 
1.
 
Ob
ser
v
e  
th
e  m
oo
n
 
 
an
d 
sta
rs
 
 
at
 
 
ni
gh
t  a
nd
 id
en
tif
y  t
he
 
 
ph
as
es
 
 
of
 th
e  m
oo
n
.  
2.
 
D
em
on
st
ra
te
 
 
by
 
 
sim
pl
e  e
x
pe
rim
en
ts
 
 
th
e  r
ot
at
io
n  
an
d 
re
vo
lu
tio
n
 
 
of
 th
e  e
ar
th.
 
 
1.
 
So
lid
s,  
liq
ui
ds
 
 
an
d 
ga
se
s  
-
w
at
er
  a
s
 
 
an
 
 
ex
am
pl
e.  
2.
 
Pa
rti
cu
lat
e  
th
eo
ry
 
 
of
 m
att
er
.  
3.
 
Us
e  t
he
 
 
pa
rti
cu
lat
e  
th
eo
ry
 
 
o
f 
m
at
te
r  t
o  
ex
pl
ain
 
 
ev
ap
or
at
io
n
,  
bo
ili
ng
,  m
elt
in
g,
 
 
co
m
pr
es
sib
ili
ty
,  p
re
ss
ur
e,
 
 
clo
ud
 
fo
rm
at
io
n
,  w
at
er
  c
yc
le,
 
 
ex
 
 
.
 
 
sio
n
.  
Pr
es
su
re
 
 
of
 ai
r  i
n  o
ur
  
en
vi
ro
n
m
en
t.  
2.
 
Co
m
po
sit
ion
 
 
of
 ai
r.  
3.
 
Pr
op
er
tie
s  
of
 ai
r  -
 
 
ha
s  w
eig
ht
,  
ex
er
ts
 
 
pr
es
su
re
,  i
s  c
om
pr
es
sib
le,
 
 
is  
a  
m
ix
tu
re
,  m
o
ve
s  
(i.e
.  w
in
d)  
1.
 
So
ur
ce
s  
of
 w
at
er
.  
2.
 
Pu
rif
ica
tio
n  o
r  
w
at
er
  -
se
di
m
en
ta
tio
n
,  f
ilt
ra
tio
n
,  
di
sti
lla
tio
n
.  
3.
 
U
se
s  o
f w
at
er
.  
1.
 
Th
e  E
ar
th,
 
 
Su
n,
 
 
an
d
 M
oo
n
.  
2.
 
Cl
im
ate
 
 
an
d
 Se
as
on
s.
 
 
3.
 
So
lar
  s
ys
te
m
.  
4.
 
St
ar
s.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
id
en
tif
y  t
he
 
 
th
ree
 
 
st
at
es
 
 
of
 m
att
er
;  
2.
 
re
co
gn
ise
 
 
th
at  
m
at
te
r  
is  
m
ad
e  u
p  
of
 di
sc
re
te
 
 
pa
rti
cle
s
 
 
w
hi
ch
 ar
e  
in  
a  
st
at
e  
of
 m
oti
on
;  
3.
 
ac
qu
ire
 
 
a  
kn
ow
led
ge
 
 
of
 a  
m
od
el 
of
 th
e  s
ta
te
s  
of
 m
att
er
  bu
ilt
 
 
on
 
 
th
e  p
ar
tic
ul
ate
 
 
th
eo
ry
;  
4.
 
us
e  
th
e  p
ar
tic
ul
ate
 
 
th
eo
ry
 
 
to
 
 
ex
pl
ain
 
 
a  
nu
m
be
r  
of
 co
m
m
on
ly
 
 
ob
se
rv
ab
le  
ph
en
om
en
a.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
re
co
gn
ise
 
 
th
at  
air
 
 
is  
in
 
 
ou
r  
en
v
iro
n
m
en
t;  
2.
 
id
en
tif
y  t
he
 
 
m
ain
 
 
co
ns
tit
ue
n
ts
 
 
o
f a
ir;
 
 
3.
 
sta
te
 
 
so
m
e  
pr
o
pe
rt
ies
 
 
of
 ai
r.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
id
en
tif
y  v
ar
io
us
 
 
so
ur
ce
s  
o
f w
at
er
;  
2.
 
id
en
tif
y  t
he
 
 
dif
fer
en
ce
 
 
be
tw
ee
n
 
 
sa
m
pl
es
 
 
o
f 
w
at
er
  fr
om
 
 
di
ffe
re
nt
 
 
so
ur
ce
s;
 
 
3.
 
pu
rif
y  a
  gi
ve
n
 
 
qu
an
tit
y  o
f w
at
er
 
 
by
 
 
a  
va
rie
ty
 
 
of
 m
eth
od
s;  
4.
 
lis
t  t
he
 
 
u
se
s  
of
 w
at
er
.  
Th
e  c
hi
ld
 sh
ou
ld
 b
e  a
bl
e  t
o:
 
 
1.
 
de
sc
rib
e  t
he
 
 
ea
rth
,  s
un
 
 
an
d 
m
oo
n
;  
2.
 
ex
pla
in
 
 
th
e  c
au
se
 
 
of
 da
y  a
n
d n
ig
ht
,  a
n
d t
he
 
 
se
as
on
s;
 
 
3.
 
de
sc
rib
e  t
he
 
 
so
lar
  s
ys
te
m
 
 
an
d 
rel
ate
 
 
th
e  
po
sit
ion
s  
of
 th
e  p
lan
et
s  t
o  
th
e  e
ar
th
;  
4.
 
id
en
tif
y  s
om
e  
gr
ou
ps
 
 
of
 st
ar
s  
th
at
 
 
ca
n
 
 
e  
se
en
 
 
o
ve
r  
Ni
ge
ria
;  
5.
 
re
co
gn
ise
 
 
th
at  
th
e  m
oo
n
 
 
is  
a  
sa
te
lli
te
 
 
of
 th
e  
ea
rth
;  
6.
 
re
co
gn
ise
 
 
th
at  
th
e  s
un
 
 
is  
a  
s
ta
r.
 
 
St
ate
 
 
of
 M
att
er
  
1 
8 
A 
1 
s 
Pe
rfo
rm
 
 
ex
pe
rim
en
ts
 
 
to
 
 
ill
us
tra
te
 
 
ph
ys
ica
l a
n
d 
ch
em
ica
l 
ch
an
ge
s.
 
 
1.
 
Pr
ep
ar
e  
a  
m
ix
tu
re
 
 
,  
a  
co
m
po
un
d  f
ro
m
 
 
th
ei
r  e
lem
en
ts
.  
2.
 
Ca
rr
y  
ou
t  a
  s
im
pl
e  e
xp
er
im
en
t  t
o  
ill
us
tra
te
 
 
m
et
ho
ds
 
 
o
f 
se
pa
ra
tio
n  o
f m
ix
tu
re
s.
 
 
3.
 
Le
ad
 a  
di
sc
us
sio
n
 
 
to
 
 
di
sti
ng
ui
sh
 be
tw
ee
n  
el
em
en
ts
,  
co
m
po
un
ds
 
 
an
d 
m
ix
tu
re
s.
 
 
1.
 
Bu
rn
 
 
su
bs
ta
n
ce
s  
in
 
 
air
 
 
an
d e
sti
m
ate
 
 
th
e  p
ro
po
rti
on
 
 
of
 ai
r  
u
se
d
 in
 
 
bu
rn
in
g  .
 
 
2.
 
Pr
ep
ar
e  
ox
yg
en
 
 
in
 
 
th
e  l
ab
or
at
or
y  
u
sin
g  h
yd
ro
ge
n
 
 
pe
ro
x
id
e  a
nd
 m
an
ga
n
es
e  
di
ox
id
e.  
 
1.
 
Pr
ep
ar
e  
hy
dr
og
en
 
 
in
 
 
th
e  l
ab
or
at
or
y  
u
sin
g  d
ilu
te
 
 
su
lph
ur
ic  
ac
id
 an
d 
zin
c  o
r  
m
ag
ne
siu
m
.  
2.
 
Te
st  
fo
r  
hy
dr
og
en
.  
3.
 
D
em
on
st
ra
te
 
 
lig
ht
ne
ss
 
 
of
 h
yd
ro
ge
n
.  
4.
 Bu
rn
 
 
hy
dr
og
en
 
 
in
 
 
ai
r  t
o  
fo
rm
 
 
w
at
er
.  
5.
 
D
em
on
st
ra
te
 
 
th
e  e
lec
tro
ly
sis
 
 
of
 w
ate
r.
 
 
1.
 
O
bs
er
ve
 
 
m
at
er
ial
s  t
ha
t  r
u
st.
 
 
2.
 
Ex
pe
rim
en
ts
 
 
to
 
 
sh
ow
 
 
co
nd
iti
on
s  
fo
r  
ru
sti
ng
.  
3.
 
D
isc
us
s  
th
e  m
et
ho
ds
 
 
of
 pr
ev
en
tin
g  r
u
st
in
g.
 
 
4.
 
Co
m
pa
re
 
 
ru
sti
ng
,  b
ur
n
in
g  a
nd
 re
sp
ira
tio
n
.  
1.
 
Ph
ys
ica
l c
ha
n
ge
s.
 
 
2.
 
Ch
em
ica
l c
ha
n
ge
.  
1.
 
El
em
en
ts
,  c
om
po
un
ds
 
 
an
d 
m
ix
tu
re
s.
 
 
2.
 
M
eth
od
s  o
f s
ep
ar
at
in
g  
m
ix
tu
re
s,
 
 
de
ca
n
ta
tio
n
,  f
ilt
ra
tio
n
,  
di
sti
lla
tio
n,
 
 
ev
ap
or
at
io
n,  
sie
vi
ng
,  c
hr
om
at
og
ra
ph
y,  
su
bl
im
ati
on
,  e
tc
.  
3.
 
Ex
tra
ct
io
n  
of
 sa
lt  
fro
m
 
 
se
a  
w
a t
er
.  
4.
 
Pe
tro
leu
m
 
 
-
 
 
re
fin
in
g.  
1.
 
Bu
rn
in
g  o
f s
ub
sta
n
ce
s  
in
 
 
air
.  
2.
 
Pr
op
o
rti
on
 
 
of
 ai
r  u
se
d.
 
 
3.
 
La
bo
ra
to
ry
 
 
pr
ep
ar
at
ion
 
 
of
 
ox
yg
en
.  
1.
 
 
Pr
ep
ar
at
io
n
,  p
ro
pe
rti
es
 
 
an
d 
u
se
s  
of
 hy
dr
og
en
.  
21
.  W
ate
r  
as
 
 
pr
od
uc
t  o
f 
hy
dr
og
en
 
 
an
d  o
x
yg
en
 
 
-
 
(a) 
sy
nt
he
sis
 
 
of
 w
at
er
  fr
om
 
 
dr
y  h
yd
ro
ge
n
 
 
an
d  o
xy
ge
n
;  
(b) 
ele
ctr
ol
ys
is  
of
 w
at
er
  to
 
 
hy
dr
og
en
 
 
an
d o
xy
ge
n
.  
1.
 
Ru
sti
ng
 
 
in
 
 
n
at
ur
e.
 
 2.
 
Co
n
di
tio
ns
 
 
ne
ce
ss
ar
y  
fo
r  
ru
st
in
g.
 
 
3.
 
Ru
st
in
g  c
om
pa
re
d  w
ith
 
bu
rn
in
g  a
n
d  r
es
pi
ra
tio
n
.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
st
at
e  
w
ha
t  i
s  p
hy
sic
al 
ch
an
ge
s;
 
 
2.
 
st
at
e  
w
ha
t  i
s  c
he
m
ica
l c
ha
ng
es
;  
3.
 
di
ffe
re
n
tia
te
 
 
be
tw
ee
n
 
 
ph
ys
ica
l a
nd
 ch
em
ica
l 
ch
an
ge
s.
 
 
Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
di
ffe
re
n
tia
te
 
 
be
tw
ee
n
 
 
el
em
en
ts
,  c
om
po
un
ds
 
 
an
d 
m
ix
tu
re
s;
 
 
2.
 
id
en
tif
y  p
ur
e  
an
d
 im
pu
re
 
 
su
bs
ta
nc
es
;  
3.
 
ex
tra
ct
 
 
sa
lt  
fro
m
 
 
se
a  
w
at
er
  o
r  
fro
m
 
 
sa
lt  
w
at
er
,  
4.
 
de
sc
rib
e  h
ow
 
 
pe
tro
leu
m
 
 
is  
re
fin
ed
 fro
m
 
 
cr
ud
e  
oi
l;  
5.
 
se
pa
ra
te
 
 
alc
oh
ol
 fro
m
 
 
fer
m
en
te
d  
pa
lm
wi
ne
.  
Th
e  c
hi
ld
 
 
sh
ou
ld
 
 
be
 
 
ab
le  
to
:  
1.
 
id
en
tif
y  t
he
 
 
pa
rt  
of
 ai
r  t
ha
t  s
up
po
rt
s  b
ur
n
in
g;
 
 
2.
 
es
tim
ate
 
 
th
e  p
ro
po
rti
on
 
 
of
 ai
r  u
se
d 
up
 
 
du
rin
g  
bu
rn
in
g.
 
 
Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
id
en
tif
y  h
yd
ro
ge
n
;  
2.
 
pr
ep
ar
e  
hy
dr
og
en
;  
3.
 
st
at
e  
th
e  p
ro
pe
rti
es
 
 
of
 hy
dr
og
en
;  
4.
 
st
at
e  
th
e  u
se
s  
o
f h
yd
ro
ge
n
;  
5.
 
de
m
on
st
ra
te
 
 
th
at  
w
at
er
  is
 
 
a  
pr
od
uc
t  o
f 
hy
dr
og
en
 
 
an
d o
xy
ge
n
.  
Th
e  c
hi
ld
 sh
ou
ld
 
 
be
 
 
ab
le
 
 
to
:  
1.
 
ex
pl
ain
 
 
w
ha
t  i
s  r
u
sti
ng
;  
2.
 
st
at
e  
th
e  c
on
di
tio
n
s  
fo
r  
ru
sti
ng
;  
3.
 
co
m
pa
re
 
 
ru
st
in
g  w
ith
 bu
rn
in
g  a
n
d  r
es
pi
ra
tio
n
;  
4.
 
st
at
e  
an
d  d
es
cr
ib
e  m
et
ho
ds
 
 
of
 pr
ev
en
tin
g  
ru
sti
ng
.  
Y
EA
R
 2 
Ph
ys
ica
l a
n
d 
Ch
em
ica
l c
ha
ng
es
.  
i 
ei • 
me.)'' Fur
the
r  
in
ve
sti
ga
tio
n  
of
 A
ir  
an
d  W
at
er
.  
Hy
dr
og
en
.  
Ru
st
in
g.
 
 
1.
 
Ill
us
tra
te
 
 
th
e  p
ro
pe
rti
es
 
 
of
 di
ffe
re
n
t  f
or
m
s  
of
 en
er
gy
.  
2.
 
Pr
od
uc
e  
he
at
 
 
by
 
 
ru
bb
in
g  h
an
ds
 
 
to
ge
th
er
.  
3.
 
U
se
 
 
a  
cli
ni
ca
l t
he
rm
om
et
er
 
 
to
 
 
m
ea
su
re
 
 
bo
dy
 
 
te
m
pe
ra
tu
re
.  
4.
 
D
em
on
str
at
e  f
or
m
at
io
n  
o
f s
ha
do
w
s  a
nd
 ec
lip
se
.  
5.
 
D
em
on
str
at
e  h
ow
 
 
th
e  m
oo
n
 
 
ge
ts
 
 
its
 
 
lig
ht
.  
6.
 
Co
ns
tru
ct
 
 
th
e  p
in
ho
le
 
 
ca
m
er
a.
 
 
7.
 
Pe
rfo
rm
 
 
sim
pl
e  e
xp
er
im
en
ts
 
 
w
ith
 m
irr
or
s,
 
 
le
ns
es
,  p
ris
m
s.
 
 
8.
 
D
em
on
str
at
e  l
igh
t  s
pe
ct
ru
m
 
 
u
sin
g  p
ris
m
.  
1.
 
U
se
 
 
hy
dr
om
et
er
 
 
to
 
 
co
m
pa
re
 
 
de
n
sit
ie
s  o
f v
ar
io
us
 
 
liq
ui
ds
.  
2.
 
U
se
 
 
sp
rin
g  b
ala
n
ce
 
 
to
 
 
m
ea
su
re
 
 
fo
rc
e.
 
 
3.
 
U
se
 
 
pr
es
su
re
 
 
ga
u
ge
 
 
to
 
 
m
ea
su
re
 
 
pr
es
su
re
.  
4.
 U
se
 
 
be
am
 
 
ba
lan
ce
 
 
to
 
 
m
ea
su
re
 
 
m
as
s.
 
 
5.
 
U
se
 
 
sp
rin
g  b
al
an
ce
 
 
to
 
 
m
ea
su
re
 
 
w
eig
ht
.  
 
1.
 
D
isc
us
s  
co
n
ce
pt
 
 
of
 at
om
s  
an
d 
m
ole
cu
le
s.  
2.
 
Ca
rr
y  o
u
t  e
xp
er
im
en
ts
 
 
to
 
 
co
n
fir
m
 
 
sim
pl
e  c
he
m
ica
l 
fo
rm
u
la
e  a
n
d 
eq
ua
tio
n
s.
 
 
3.
 
Le
ad
 st
ud
en
ts
 
 
in
 
 
w
rit
in
g  a
nd
 ba
lan
cin
g  e
qu
at
io
n
s.
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1.
 
M
ea
su
re
m
en
t  o
f d
en
sit
y,
 
 
fo
rc
e,
 
 
pr
es
su
re
,  
2.
 
M
as
s  a
n
d 
we
ig
ht
.  
1.
 
At
om
s  
an
d  m
ol
ec
ul
es
.  
2.
 
Ch
em
ic
al
 sy
m
bo
ls
 
 
of
 
el
em
en
ts.
 
 
3.
 
Fo
rm
u l
ae
 
 
of
 co
m
po
un
ds
.  
4.
 
Si
m
p l
e  e
qu
at
ion
s.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
ex
pl
ain
 
 
th
e  c
o n
ce
pt
 
 
of
 en
er
gy
;  
2.
 
sta
te
 
 
so
m
e  
of
 th
e  d
iff
er
en
t  f
or
m
s  o
f e
n
er
gy
;  
3.
 
id
en
tif
y  a
n
d
 de
m
on
str
at
e  s
om
e  
of
 th
e  e
ffe
ct
s  
o f
 h
ea
t;  
4.
 
st
at
e  a
nd
 d
es
cr
ib
e  s
om
e  
w
ay
s  
of
 pr
od
uc
in
g  
he
at
 
 
an
d 
m
ea
su
re
 
 
he
at
 
 
qu
an
tit
y;
 
 
5.
 
m
ea
su
re
 
 
th
e  n
or
m
al
 bo
dy
 
 
te
m
p e
ra
tu
re
;  
6.
 
sh
ow
 
 
u
n
de
rs
ta
n
di
ng
 
 
of
 th
e  f
or
ma
tio
n
 
 
of
 
sh
ad
ow
s  a
n
d 
ec
lip
se
;  
7.
 
re
co
gn
ise
 
 
th
at
 
 
th
e  m
oo
n
 
 
ha
s  n
o  
lig
ht
 
 
of
 its
 
 
ow
n
;  
8.
 
st
at
e  a
n
d 
de
m
on
str
a t
e  s
om
e  
of
 th
e  p
ro
pe
rt
ie
s  
of
  li
gh
t;  
9.
 
co
n
str
uc
t  a
n
d
 de
sc
rib
e  a
 
 
pi
nh
ol
e  c
am
er
a;
 
 
10.
 
re
co
gn
ise
 
 
m
irr
or
s,
 
 
le
ns
es
 
 
an
d 
pr
ism
s;
 
 
11.
 
sh
ow
 
 
u
nd
er
sta
n
di
ng
 
 
o
f t
he
 
 
d i
sp
er
sio
n
 
 
o
f 
lig
ht
 
 
by
 
 
pr
is m
s.
 
 
12.
 
re
co
gn
ise
 
 
th
at
 
 
th
e  c
o
lo
ur
 
 
of
 a  
bo
dy
 
 
is
 
 
du
e
 
 
to
 
 
lig
ht
 
 
re
fle
ct
ed
 fr
om
 
 
it.
 
 
Th
e  c
hi
ld
 
 
s h
ou
ld
 b
e  a
bl
e  t
o:
 
 
1.
 
de
m
on
str
at
e  t
he
 
 
kn
ow
led
ge
 
 
of
 S.
 
 
I.  
u
n
its
 
 
of
 
so
m
e  
de
riv
ed
 q
ua
n
tit
ies
;  
2.
 
di
sti
ng
ui
sh
 b
e t
w
ee
n
 
 
m
as
s  
an
d 
we
ig
ht
.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
un
de
rs
ta
n
d 
th
e  c
on
ce
pt
 
 
an
d
 de
fi
n it
io
n
 
 
of
 an
 
 
at
om
 
 
an
d 
a  m
o l
ec
ul
e;
 
 
2.
 
sta
te
 
 
th
e  c
he
m
ica
l s
ym
bo
ls  
of
 el
em
en
ts;
 
 
3.
 
w
rit
e  f
or
m
u
la
e  o
f s
om
e  
co
m
m
on
 
 
co
m
po
un
ds
;  
4.
 
w
rit
e  c
o r
re
ct
 
 
eq
ua
tio
n
s  
fo
r  
so
m
e  
sim
pl
e  
ch
em
ica
l r
ea
cti
on
s.
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Ch
e m
ica
l S
ym
bo
ls  
an
d
 Fo
rm
u l
ae
 
 
an
d 
Eq
u
at
io
n
s.
 
 
CV 
M 
1.
 
Te
sts
 
 
fo
r  
ac
id
s  i
n  
n
at
ur
e  
.
 
 
2.
 
Bu
rn
 
 
so
m
e  
ele
m
en
ts
 
 
in
 
 
ox
yg
en
 
 
an
d 
tes
t  t
he
ir  
so
lu
tio
n
s  
fo
r  
ac
id
ity
 
 
an
d
 ba
sic
ity
.  
3.
 
Pr
ep
ar
e  
sim
ple
 
 
sa
lts
 
 
in
 
 
th
e  l
ab
or
at
or
y  b
y  n
eu
tra
lis
ati
on
,  
sy
nt
he
sis
,  a
cid
 
 
on
 
 
m
et
al 
ox
id
es
 
 
or
  m
et
al 
ca
rb
on
at
es
 
 
by
 
 
do
ub
le
 
 
de
co
m
po
sit
ion
.  
1.
 
Se
e  o
bje
ct
iv
e  
(1
)  
2.
 
Co
nn
ec
t  i
n  s
er
ie
s,  
a  
ba
tte
ry
 
 
,
 
 
to
rc
h
 lig
ht
  bu
lb
 u
sin
g  a
  
co
nd
uc
to
r  a
nd
 no
n
-  
co
n
du
ct
or
  in
 
 
tu
rn
s.
 
 
3.
 
Di
p  a
n
 
 
iro
n
 
 
ro
d 
an
d 
a  w
o
od
en
 
 
ro
d
 in
 
 
tu
rn
 
 
in
 
 
st
ea
m
 
 
an
d 
fee
l t
he
 
 
fre
e  
en
d.
 
 
4.
 
Ca
rr
y  o
ut
 
 
sim
ple
 
 
ex
pe
rim
en
ts
 
 
to
 
 
ill
us
tra
te
 
 
co
nd
uc
tio
n,
 
 
co
nv
ec
tio
n
 
 
an
d  r
ad
iat
ion
.  
5.
 
Ca
rr
y  o
ut
 
 
a  
sim
pl
e  e
xp
er
im
en
t  t
o  
sh
ow
 
 
th
at  
a  
m
ed
ium
 
 
is  
n
ec
es
sa
ry
 
 
fo
r  t
ra
n
sfe
r  
of
 so
un
d.
 
 
6.
 
Ca
rr
y  o
ut
 
 
sim
ple
 
 
ex
pe
rim
en
ts
 
 
to
 
 
ill
us
tra
te
 
 
so
un
d 
as
 
 
a  
w
av
e  
m
ot
ion
 
 
an
d  t
ha
t  i
t  c
an
 
 
be
 
 
re
fle
cte
d.
 
 
7.
 
Di
sc
us
s  
so
un
d 
re
fle
cti
on
,  e
ch
oe
s  a
n
d 
m
us
ic
al 
in
str
um
en
ts
.  1
. 
Ac
id
s  i
n  n
at
ur
e.
 
 
2.
 
Te
sts
 
 
fo
r  
ac
id
s  a
nd
 ba
se
s.  
3.
 
n
eu
tra
lis
ati
on
.  
4.
 
Pr
ep
ar
at
io
n
 
 
o
f s
im
ple
 
 
sa
lts
.  
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Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
ex
pla
in
 
 
w
ha
t  a
re
 
 
ac
id
s,  
ba
se
s  a
nd
 sa
lts
;  
2.
 
id
en
tif
y  a
cid
s  a
nd
 ba
se
s;  
3.
 
us
e  
lit
m
us
 
 
pa
pe
r  
to
 
 
sh
ow
 
 
th
e  a
cid
ity
 
 
or
  
ba
sic
ity
 
 
of
 a  
gi
ve
n
 
 
so
lu
tio
n
 
 
or
  li
qu
id
;  
4.
 
un
de
rs
ta
nd
 
 
th
e  c
on
ce
pt
 
 
of
 n
eu
tra
lis
at
io
n
;  
5.
 
pr
ep
ar
e  
sim
pl
e  s
alt
s.  
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A
cid
s,  
Ba
se
s,  
an
d 
Sa
lts
.  
= o 
cas. 14 
8 4 Q 
E13. E-4 
LIA 1 
D
em
on
str
at
e  o
r  
di
sc
us
s  
th
e  u
se
 
 
of
 th
es
e  d
ev
ice
s  i
n  
ev
er
y  d
ay
 
 
lif
e  a
n
d 
po
in
t  o
u
t  t
he
 
 
di
ffe
re
n
t  e
n
er
gy
 
 
co
n
ve
rs
io
n
s  
th
at
 
 
ta
ke
 
 
pl
ac
e.  
D
isc
us
s  
th
eo
ry
,  u
sin
g  t
he
 
 
pa
rti
cu
la
te
 
 
th
eo
ry
 
 
of
 m
at
ter
 
 
as
 
 
th
e  
sta
rti
ng
 
 
po
in
t.  
Pe
rfo
rm
 
 
sim
pl
e  e
xp
er
im
en
ts
 
 
to
 
 
ill
us
tr
at
e  
ki
ne
tic
 
 
th
eo
ry
.  
D
em
on
str
at
e  r
oc
ke
t(je
t)  p
ro
pu
lsi
on
 
 
w
ith
 a
 
 
ba
llo
on
.  
In
te
r-
co
n
ve
rs
io
n
 
 
o
f e
n
er
gy
 
 
as
 
 
se
en
 
 
fro
m
 
 
va
rio
us
 
 
m
ac
hi
ne
s  
or
 
 
m
ec
ha
ni
ca
l s
et
 
 
u
p  
su
ch
 a
s  i
n:
 
 
1.
 
hy
dr
oe
le
ctr
ici
ty
;  
2.
 
ste
am
 
 
e n
gi
ne
;  
3.
 
bi
cy
cl
e;
 
 
4.
 
Te
le
ph
on
e;
 
 
5.
 
Ac
cu
m
ul
at
or
s;  
6.
 
D
ie
se
l e
n
gi
ne
;  
7.
 
M
ot
or
s.
 
 
Si
m
pl
e  q
ua
lit
ati
ve
 
 
as
pe
ct
s  o
f 
th
e  k
in
eti
c  t
he
or
y  -
 
 
it  
as
su
m
pt
ion
s  
an
d
 its
 
 
u
se
 
 
in
 
 
ex
pl
ain
in
g  s
om
e
 
 
ph
en
om
en
a  
e.
g.
 
 
ev
ap
or
at
io
n
,  b
oi
lin
g,  
pr
es
su
re
.  
 
1.
 
Sp
ac
e  
tr
av
el
.  
2.
 
Gr
av
ita
tio
n
al 
pu
ll.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
re
la
te
 
 
th
e  c
on
ce
pt
s  o
f e
n
er
gy
 
 
an
d 
wo
rk
 to
 
 
in
ter
-c
o
n
ve
rs
io
n
 
 
o
f e
n
er
gy
;  
2.
 
st
at
e  d
ev
ic
es
 
 
w
he
re
 
 
en
er
gy
 
 
co
n
ve
rs
ion
 
 
is  
pr
ev
al
en
t.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
st
at
e  s
om
e  
of
 th
e  b
as
ic
 
 
as
su
m
pt
io
n
s  
of
 th
e  
ki
ne
tic
 
 
th
eo
ry
 
 
;  
2.
 
re
la
te
 
 
th
e  p
ar
tic
ul
at
e  t
he
or
y  t
o  
ki
ne
tic
 
 
th
eo
ry
;  
3.
 
u
se
 
 
th
e  k
in
eti
c  t
he
or
y  t
o  
ex
pl
ain
 
 
so
m
e  
ph
en
o m
en
a.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 b
e  a
bl
e  t
o:
 
 
1.
 
re
co
gn
ise
 
 
th
at
 
 
th
e  m
oo
n
 
 
ha
s  n
o  
lig
ht
 
 
of
 its
 
 
ow
n
,  t
he
 
 
su
n
 
 
be
in
g  r
es
po
n
sib
le
 
 
fo
r  
m
oo
n
lig
ht
;  
2.
 
ex
pl
ain
 
 
th
e  c
on
ce
pt
 
 
of
 g
ra
vit
ati
on
al
 p
ul
l a
n
d 
ho
w
 
 
it  
en
ab
le
s  o
bje
cts
 
 
(sa
y  t
he
 
 
m
oo
n
)  to
 
 
m
ov
e  
ro
un
d 
th
e  e
ar
th
.  
" 0 
I 
›, co t.• a.) 
§'0 
K
in
e ti
c  T
he
or
y.
 
 
cl) 
.E 
i 
•• 
Dr
aw
 
 
on
 
 
th
e  e
xp
er
ien
ce
s  
of
 th
e  p
u
pi
ls  
in
 
 
a  
cla
ssr
oo
m
 
 
di
sc
us
sio
n
,  d
es
cr
ib
e  a
nd
 ex
pl
ain
 
 
du
tie
s  r
ela
te
d 
to
 
 
a  
va
rie
ty
 
 
o
f 
o
cc
u
pa
tio
n
s  
po
in
tin
g  o
u
t  t
ho
se
 
 
th
at
 
 
ar
e  
di
re
ctl
y  r
ela
ted
 to
 
 
sc
ien
ce
 
 
ap
pl
ica
tio
n
.  
Tr
ip
 
 
to
 
 
ap
pr
op
ria
te
 
 
pr
ac
tit
io
n
er
 
 
of
 th
es
e  o
cc
u
pa
tio
ns
 
 
fo
r  
id
en
tif
i ca
tio
n
 
 
an
d  
ex
am
in
ati
on
 
 
of
 re
le
va
nt
 
 
to
ol
s,  
a
ct
ua
l 
pr
ac
tic
e  i
n  t
he
 
 
u
se
 
 
of
 so
m
e  
to
ol
s  e
.g
.  h
oe
s,  
cu
tla
ss
es
,  s
aw
s,
 
 
ha
m
m
er
s,
 
 
w
o
od
 pl
an
er
s,
 
 
dr
ill
s,  
sc
re
w
dr
iv
er
s,
 
 
jac
ks
.  L
ea
d 
di
sc
u
ss
io
n
 
 
on
 
 
ch
ild
's
 
 
ex
pe
rie
n
ce
s  
of
 si
m
ila
r  
lab
ou
r  
sa
vi
ng
 
 
de
vi
ce
s  e
.g
.  g
rin
di
ng
 
 
w
ith
 st
on
es
 
 
an
d 
m
od
er
n
 
 
gr
in
de
rs
 
 
w
ith
 
m
ec
ha
n
ica
l a
n
d 
ele
ct
ric
al 
m
od
ern
 
 
gr
in
de
rs
.  
1.
 
Id
en
tif
y  t
he
 
 
pr
es
en
ce
 
 
of
 fo
rc
es
.  
2.
 
D
et
ec
t  b
ala
n
ce
d 
an
d 
un
ba
lan
ce
d
 fo
rc
es
 
 
le
ad
in
g  t
o  
co
n
cl
us
io
n
 
 
th
at
 
 
fo
rc
es
 
 
oc
cu
r  
in
 
 
pa
ir  
an
d 
th
at
 
 
un
ba
la
nc
ed
 
 
fo
rc
es
 
 
ca
us
e  
m
ot
io
n
.  
3.
 M
ea
su
re
 
 
gr
av
ita
tio
n
al
 fo
rc
es
 
 
on
 
 
gi
ve
n
 
 
m
as
se
s  
u
sin
g  a
 
 
ca
lib
ra
te
d 
sp
rin
g  b
ala
nc
e.  
4.
 
Le
ad
 a
 
 
di
sc
us
sio
n
 
 
to
 
 
sh
ow
 
 
th
at
 
 
w
ith
ou
t  f
ric
tio
n,
 
 
o
n
e  
w
ill
 
n
ev
er
 
 
be
 
 
ab
le
 
 
to
 
 
w
al
k;
 
 
co
m
pa
re
 
 
m
ot
io
n
 
 
o
f c
ar
 
 
on
 
 
w
et
 
 
sli
pp
er
y  r
oa
d 
an
d 
on
 
 
dr
y  r
oa
d.
 
 
Pe
rfo
rm
 
 
ex
pe
rim
e n
ts  
to
 
 
sh
ow
 
 
th
at
:  
1.
 
m
ot
ion
 
 
oc
cu
rs
 
 
in
 
 
th
e  d
ire
cti
on
 
 
o
f a
n
 
 
ap
pl
ied
 
 
fo
rc
e;
 
 
2.
 
fo
rc
e  
ca
n
 
 
ch
an
ge
 
 
th
e  d
ire
cti
on
 
 
o
f m
ot
io
n
 
 
of
 a
 
 
bo
dy
;  
3.
 
a  
fo
rc
e  
is  
n
ec
es
sa
ry
 
 
to
 
 
slo
w
 
 
do
w
n
,  s
to
p,
 
 
or
 
 
sp
ee
d 
up
 
 
m
ot
io
n
.  
Ex
am
pl
es
 
 
an
d 
wo
rk
 de
sc
rip
tio
n
 
 
o
f f
ar
m
in
g,  
fis
hi
ng
,  c
ar
pe
n
tr
y,  
en
gin
ee
r in
g,
 
 
m
ed
ic
in
e,  
et
c.  
Ex
am
pl
es
 
 
an
d 
de
sc
rip
tio
n
 
 
o
f 
so
m
e  
ba
sic
 
 
to
ol
s  u
se
d
 by
 
 
fa
rm
er
s,
 
 
fis
he
rm
en
,  c
ar
pe
n
te
rs
,  
au
to
 
 
m
ec
ha
n
ics
,  a
u
to
-
 
el
ec
tri
cia
n
s,
 
 
m
ed
ica
l d
oc
to
rs
,  
n
ur
se
s;
 
 
et
c.  
co
m
pa
ris
on
 
 
of
 
tr
ad
iti
on
al 
an
d 
m
od
er
n
 
 
m
ec
ha
ni
ca
lly
 
 
an
d 
ele
ctr
ica
lly
 
 
po
w
er
ed
 
 
to
ol
s.  
1.
 
C
on
ce
pt
 
 
of
 fo
rc
e.
 
 
2.
 
Ty
pe
s  
of
 fo
rc
e  
co
n
ta
ct
 
 
fo
rc
e  
e.
g.
 
 
pu
sh
,  p
u
ll,
 
 
fri
cti
on
,  f
or
ce
 
 
fie
ld
 e.
g.
 
 
gr
av
ita
tio
n
al
,  e
le
ctr
ic
,  
m
ag
n
eti
c.  
3.
 
Ba
lan
ce
d 
an
d 
un
ba
la
nc
ed
 
fo
rc
es
.  
4.
 
Fr
ict
io
n  
in
 
 
u
se
,  a
dv
an
ta
ge
s  
o
f 
fri
cti
on
 
 
es
pe
cia
lly
 
 
its
 
 
u
se
 
 
in
 
 
w
al
ki
ng
.  
Ef
fe
ct
s  o
f f
or
ce
.  
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
id
en
tif
y  o
cc
u
pa
tio
n
s  
th
at
 
 
ar
e  
sc
ien
ce
-r
ela
te
d;
 
 
2.
 
re
co
gn
ise
 
 
th
e  w
or
k 
ex
pe
rie
nc
es
 
 
th
at
 
 
ar
e  
re
lat
ed
 to
 
 
th
es
e  o
cc
u
pa
tio
n
s;
 
 
3.
 
id
en
tif
y  t
he
 
 
sc
ien
ce
 
 
in
vo
lv
ed
 in
 
 
th
e  
pe
rfo
rm
an
ce
 
 
of
 so
m
e  
du
tie
s  c
on
n
ec
te
d 
wi
th
 
th
es
e  o
cc
u
pa
tio
n
s.
 
 
Th
e  c
hi
ld
 sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
id
en
tif
y  b
as
ic  
to
ol
s  u
se
d
 by
 
 
pe
rs
on
n
el 
on
 
 
sc
ien
ce
-r
ela
te
d 
oc
cu
pa
tio
n
s;
 
 
2.
 
de
sc
rib
e  a
nd
 o
pe
ra
te
 
 
so
m
e  
of
 th
es
e  t
oo
ls;
 
 
3 r
ec
og
n
ise
 
 
an
d 
sta
te
 
 
th
e  i
m
pr
ov
em
en
t  
in
tro
du
ce
d
 by
 
 
th
e  u
se
 
 
of
 th
e  t
oo
ls  
ab
ov
e.  
Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
ex
pl
ai
n  t
he
 
 
co
n
ce
pt
 
 
of
 fo
rc
e  
an
d  m
ea
su
re
 
 
gr
av
ita
tio
n
al
 fo
rc
e  
on
 
 
a  
gi
ve
n
 
 
m
as
s;
 
 
2.
 
id
en
tif
y  t
he
 
 
pr
es
en
ce
 
 
of
 a
 
 
fo
rc
e,
 
 
es
pe
cia
lly
 
 
a  
fo
rc
e  
fie
ld
;  
3.
 
id
en
tif
y  t
he
 
 
pr
es
en
ce
 
 
of
 a
 
 
ba
la
nc
ed
 or
 
 
an
 
 
un
ba
la
n
ce
d
 fo
rc
e;
 
 
4.
 
re
co
gn
ise
 
 
th
at
 
 
fo
rc
es
 
 
al
wa
ys
 
 
oc
cu
r  
in
 
 
pa
irs
;  
5.
 
id
en
tif
y  a
n
d 
de
sc
rib
e  s
itu
at
io
n
s  
w
he
re
 
 
fri
cti
on
 
 
is  
in
 
 
u
se
;  
6.
 
ex
pl
ain
 
 
th
e  c
au
se
 
 
of
 m
ot
io
n
.  
 
7.
 
id
en
tif
y  a
n
d 
de
sc
rib
e  e
f fe
ct
s  o
f a
 
 
fo
rc
e;
 
 
8.
 
re
co
gn
ise
 
 
th
at
 
 
a  
fo
rc
e  
is  
al
wa
ys
 
 
re
qu
ire
d 
to
 
 
m
ain
ta
in
 
 
or
 
 
ch
an
ge
 
 
th
e  s
ta
te
 
 
of
 m
ot
io
n
 
 
o
f a
 
 
bo
dy
.  
Y
E
A
R
 1 
Sc
ien
ce
-R
ela
te
d 
O
cc
up
at
io
n.
 
 
To
ol
s  (
M
ac
hi
ne
s)  f
or
 
 
W
or
k 
g 0 
w 
(.4 
§ 
2 
di
re
ctl
y  
w
ith
ou
t  u
sin
g  t
he
 
 
sim
pl
e  m
ac
hi
ne
.  
 
tw
o  b
od
ie
s  i
n  
re
la
tiv
e  
m
ot
io
n
.  
2.
 
M
ak
e  t
rip
 
 
to
 
 
a  
ca
rp
en
te
r'
s  
or
 
 
au
to
 
 
m
ec
ha
n
ic
's
 
 
w
or
ks
ho
p  
to
 
 
se
e  
us
e  
of
 o
il
 in
 
 
re
du
cin
g  f
ric
tio
n
 
 
in
 
 
ac
tio
n
.  
3.
 
D
isc
us
s  r
eg
u
lar
 
 
m
ain
te
n
an
ce
 
 
of
 m
ac
hi
ne
s.  
1.
 
Pe
rfo
rm
 
 
sim
pl
e  e
xp
er
im
en
ts
 
 
to
 
 
ca
lcu
la
te
 
 
w
or
k 
do
n
e  
fr
om
 
 
m
ea
su
re
m
en
t  o
f a
pp
lie
d
 fo
rc
e  
an
d
 di
sp
la
ce
m
en
t.  
2.
 
Pe
rfo
rm
 
 
sim
pl
e  e
x
pe
rim
en
ts
 
 
to
 
 
sh
ow
 
 
po
ten
tia
l (
sto
re
d)  
en
er
gy
 
 
be
in
g  c
on
ve
rt
ed
 to
 
 
ki
ne
tic
 
 
en
er
gy
 
 
to
 
 
do
 
 
w
or
k.
 
 
3.
 
D
em
on
str
at
e  t
ha
t  n
ot
 
 
al
l e
n
er
gy
 
 
pu
t  i
nt
o  a
 
 
m
ac
hi
ne
 
 
is  
av
ai
lab
le
 
 
to
 
 
do
 
 
ex
te
rn
al 
wo
rk
 he
n
ce
 
 
n
o  
10
0%
 ef
fic
ien
cy
.  
4.
 
Ex
pe
rim
en
t  w
ith
 th
e  l
ev
er
 
 
to
 
 
sh
ow
 
 
m
ec
ha
n
ica
l a
dv
an
ta
ge
 
 
an
d
 he
n
ce
 
 
co
n
clu
de
 
 
th
at
 
 
th
e  l
ev
er
 
 
is  
a  
fo
rc
e  
m
u
lti
pl
ier
.  
5.
 D
ra
wi
ng
 
 
on
 
 
ch
ild
re
n
's
 
 
ex
pe
rie
n
ce
 
 
di
sc
us
s  
ho
w
 
 
th
e  u
se
 
 
of
 
st
or
ed
 en
er
gy
 
 
in
 
 
th
e  b
od
y  t
o  
do
 
 
'w
or
k'
 a
m
ou
n
ts
 
 
to
 
 
co
n
ve
rti
ng
 
 
po
te
n
tia
l e
n
er
gy
 
 
to
 
 
ki
ne
tic
 
 
en
er
gy
 
 
(no
t  1
00
%
 co
n
v
er
sio
n
!).
 
 
6.
 
Pe
rfo
rm
 
 
sim
pl
e  e
x
pe
rim
en
ts
 
 
on
 
 
th
e  c
on
ve
rs
io
n
 
 
o
f 
m
ec
ha
ni
ca
l t
o  h
ea
t  e
n
er
gy
 
 
e.
g.
 
 
ru
bb
in
g  o
f p
al
m
s  o
r  
m
et
al 
or
 
 
an
y  t
w
o
 
 
su
bs
ta
n
ce
s  
to
 
 
pr
od
uc
e  
he
at
.  
7.
 
Dr
aw
 
 
at
ten
tio
n
 
 
to
 
 
he
at
 
 
on
 
 
ty
re
s  
an
d 
en
gi
ne
 
 
of
 ca
rs
 
 
so
on
 
 
af
ter
 
 
a  
lo
ng
 
 
dr
iv
e.  
m
ain
te
n
an
ce
 
 
o
f m
ac
hi
ne
s.  
2.
 
 
N
ee
d 
to
 
 
re
du
ce
 
 
fri
cti
on
 
 
in
 
 
m
ac
hi
ne
s.  
U
se
 
 
of
 g
re
as
e,
 
 
o
il,
 
 
ba
ll-
be
ar
in
gs
 
 
to
 
 
re
du
ce
 
 
fri
cti
on
.  
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1.
 
n
ec
es
sit
y  f
or
 
 
re
gu
lar
 
 
m
ain
te
n
an
ce
 
 
of
 
m
ac
hi
ne
s;  
2.
 
n
ee
d 
to
 
 
re
du
ce
 
 
fri
cti
on
 
 
in
 
 
th
e  m
ov
in
g  p
ar
ts  
of
 
a
 
 
m
ac
hi
ne
;  
3.
 
U
se
 
 
of
 g
re
as
e,
 
 
o
il,
 
 
ba
ll-
be
ar
in
gs
 
 
in
 
 
re
du
ci
ng
 
 
fri
cti
on
.  
Th
e  c
hi
ld
 
 
sh
ou
ld
 be
 
 
ab
le
 
 
to
:  
1.
 
re
co
gn
ise
 
 
th
at
 
 
w
or
k
 is  
do
n
e  
on
ly
 
 
if 
a  f
or
ce
 
 
ca
u
se
s  
a  
di
sp
la
ce
m
en
t;  
2.
 
ca
lc
ul
at
e  t
he
 
 
w
or
k 
do
ne
 
 
w
he
n
 
 
a  
gi
ve
n
 
 
fo
rc
e  
m
ov
es
 
 
an
 
 
ob
jec
t  t
hr
ou
gh
 a
 
 
kn
ow
n
 
 
di
sta
n
ce
 
 
in
 
 
di
re
cti
on
 
 
o
f t
he
 
 
fo
rc
e;
 
 
3.
 
re
co
gn
ise
 
 
th
at
 
 
en
er
gy
 
 
is
 
 
re
qu
ire
d
 in
 
 
do
in
g  
w
or
k,
 
 
th
at
 
 
m
ac
hi
ne
s  t
ra
n
sfe
r  
en
er
gy
 
 
w
he
n
 
 
th
ey
 
 
do
 
 
w
or
k;
 
 
4.
 
re
co
gn
ise
 
 
th
at
 
 
n
o  
m
ac
hi
ne
 
 
is  
pe
rfe
ctl
y  
ef
fic
ien
t;  
5.
 
st
at
e  t
he
 
 
en
er
gy
 
 
ch
an
ge
s  
th
at
 
 
oc
cu
r  
w
he
n
 
 
w
or
k
 is  
do
n
e;
 
 
6.
 
re
co
gn
ise
 
 
th
e  p
re
se
n
ce
 
 
of
 o
th
er
 
 
fo
rm
s  
of
 
en
er
gy
 
 
du
rin
g  t
he
 
 
co
n
ve
rs
io
n
 
 
of
 on
e  
fo
rm
 
 
to
 
 
th
e  
ot
he
r.
 
 
M
ac
hi
ne
s.  
... 0 
cfi 
en i 
't 
ra 
• • 
1.
 
Co
lle
ct
 
 
re
fu
se
 
 
in
 
 
sc
ho
ol
 y
ar
d.
 
 
2.
 
Se
pa
ra
te
 
 
re
fu
se
 
 
in
to
 
 
gr
ou
ps
 
 
of
 th
os
e  t
ha
t  a
re
 
 
bi
od
eg
ra
da
bl
e  a
nd
 th
os
e
 
 
th
at
 
 
ar
e
 
 
n
ot
.  
3.
 
R
ec
or
d 
th
e  t
im
e  n
ee
de
d
 fo
r  
su
bs
ta
nc
es
 
 
to
 
 
de
co
m
po
se
.  
1.
 
Le
ad
 a  
di
sc
us
sio
n
 
 
on
 
 
tr
ea
tm
en
t  a
nd
 d
isp
os
al
 o
f s
ew
ag
e
 
 
in
 
 
a  
to
wn
 
 
an
d
 a  v
ill
ag
e
 
 
an
d 
m
ak
e  a
 
 
lis
t  c
om
pa
rin
g  t
he
 
 
ef
fe
ct
 
 
of
 
ea
ch
 sy
st
em
 
 
o
n
 
 
en
vi
ro
n
m
en
ta
l s
an
ita
tio
n
.  
2.
 
Li
st  
co
n
di
tio
ns
 
 
n
ec
es
sa
ry
 
 
fo
r  t
he
 
 
in
tr
o d
uc
tio
n
 
 
of
 flu
sh
 
to
ile
ts
.  
1.
 
Co
lle
cti
ng
 
 
w
at
er
 
 
fr
om
 
 
a  
n
ea
r  
by
 
 
po
nd
 to
 
 
w
at
ch
 an
d 
ob
se
rv
e
 
 
th
e  l
ife
 
 
cy
cl
e  o
f t
he
 
 
m
os
qu
ito
.  
2.
 
Id
en
tif
y  w
ay
s  
in
 
 
w
hi
ch
 th
e  m
os
qu
ito
 
 
ca
n
 
 
be
 
 
co
n
tr
oll
ed
 
 
by
 
 
th
e  c
om
m
un
ity
.  
3.
 U
sin
g  a
 
 
di
ag
ra
m
 
 
pr
ov
id
ed
,  w
rit
e  a
 
 
de
sc
rip
tio
n
 
 
of
 ho
w
 
 
th
e  
pl
as
m
od
iu
m
 
 
ge
ts  
in
to
 
 
ou
r  
bl
oo
d.
 
 
1.
 
Ob
se
rv
e  a
n
d
 dr
aw
 
 
th
e  s
tr
uc
tu
re
 
 
of
 t h
e  h
ou
se
fly
 
 
lo
ca
tin
g  
pa
rt
s  o
f t
he
 
 
ho
us
ef
ly
's
 
 
bo
dy
 
 
th
at
 
 
ca
rr
ie
s  g
er
m
s.
 
 
2.
 
Le
av
e
 
 
a  
pi
ec
e  o
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APPENDIX H 
NIGERIAN INTEGRATED SCIENCE TEACHER EDUCATION PROJECT (NISTEP). 
SYLLABUS FOR INTEGRA IEL) SCIENCE (DOUBLE MAJOR) AT NCE LEVEL 
Conforming with the National Minimum Standards as published by the National Commission for Colleges 
of Education (NCCE), 1991. 
PREAMBLE. 
Introduction. 
This syllabus, in semester format, is based upon the Double Major Integrated Science Syllabus (year 
format) approved by the Board of Studies, Institute of Education, ABU„ in September 1989. Science, of 
course, forms the major component of the programme in all the three parts of the NCE double major 
course. The mathematics and methodology units form an integral part of the double major syllabus, and are 
covered in Parts I and II of the course. 
Science 
Year I is seen as a foundation year in the basic sciences. Given the varied entry qualifications of candidates, 
in terms of science content, flexible approach is envisaged with a view to bringing all candidates to a 
common level of familiarity and understanding with the three major areas of science. 
Parts II and DI of the course will see an expanding of the content are of the basic sciences and this 
will be done with constant reference to unifying concepts such as energy, conservation, balance and cycles 
in nature, particle theory, and fields of study such as health, technology and ecology. It is this emphasis on 
the unity of the scientific world view which will make this programme different from a mere combination 
of topics from physics, chemistry and biology. 
The programme emphasises throughout a view of science as a field of study whose seen as 
consisting simply of an established set of facts and laws. Indeed, the detailed content syllabus which 
follows should be seen as a bare skeleton. In order for it to come to life, it must be fleshed out with the 
processes of scientific thinking and practical skills, and the social relevance of the applications of science. 
Processes 
"Science" is far more than an inert body of knowledge. It is method of enquiry into the nature of the 
environment. This method can be learned by anyone, and a prime aim of any science curriculum must be to 
provide students with an introduction to this methods, to allow them to follow their own enquiries. The 
method of enquiry has cognitive and practical aspects. 
The cognitive aspects include the ability to formulate questions, to identify variables and design 
experiments, to interpret results, recognise patterns, genera hypotheses, draw conclusions and develop 
theoretical models. 	
g 
Skills 
The practical skills required if one is to pursue scientific enquiry include general skills, such as the ability 
to observe and to measure, and more specialises skills in the handling and use of laboratory apparatus, 
living material and chemicals. 
Applications 
Science is also very much more than an academic method of study, using strange symbols and sophisticated 
apparatus removed from the real world. Th application of the science knowledge and concepts contained in 
the detailed syllabus to the everyday experience of the students and to the technological development of 
Nigeria must be emphasised throughout. 
It should be taken as mandatory in this syllabus that these elements of processes, skills, and 
applications are to be woven the content matter as often as they can be. 
Conclusion 
The method by which trainee teachers are introduced to the content and processes of science should itself 
conform to the model of good practice it intends to propagate. ;To this end there should be an emphasis on 
learning science by the students (as, we hope, by pupils in schools) through: 
- discussing their own ideas. 
- using activity based methods (heuristic approach). 
- developing appropriate processes and skills. 
- improving their written and oral communication skills. 
These four learning actions are appropriate at all levels of science education and it is the responsibility of 
both college lecturers as well as school teachers, to manage the learning environment so as to achieve them. 
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Course Requirements for NCE Double Major Integrated Science. 
NCE YEAR I 
First Semester 
Course Title 	 Credits Hours/Week 
ISC 110 Mathematics for Science I 	 1 unit 	 1 hour 
ISC 112 Science Education I 	 2 units 	 2 hours 
ISC 113 Introduction to Scientific Methods 	 2 units 	 4 hours 
ISC 114 Components of the Environment I 	 3 units 	 5 hours 
ISC 115 Man and Energy I 	 3 units 	 4 hours 
ISC 116 Nature of Matter I 	 2 units 	 4 hours 
Total: 13 units 	 20 hours. 
Second semester 
ISC 120 Mathematics for Science II 	 1 unit 	 1 hour 
ISC 122 Science Education II 	 2 units 	 2 hours 
ISC 123 Processes of Life 	 3 units 	 4 hours 
ISC 124 components of the Environment II 	 3 units 	 4 hours 
ISC 125 Man and Energy II 	 3 units 	 5 hours 
ISC 126 Transport, Control & Develpt. in living things 	 1 unit 	 2 hours 
ISC 127 The Earth and the Moon 	 1 unit 	 2 hours 
Total: 14 units 	 20 hours 
NCE YEAR II 
First Semester 
ISC 210 Mathematics for Science III 	 1 unit 	 1 hour 
ISC 212 Science Education HI 	 2 units 	 2 hours 
ISC 213 Man in the Environment 	 3 units 	 4 hours 
ISC 214 Nature of Matter II 	 2 units 	 4 hours 
ISC 215 Statics and Dynamics 	 3 units 	 5 hours 
ISC 216 Energy and Particles 	 3 units 	 4 hours 
Total: 14 units 	 20 hours 
352 
Second Semester. 
ISC 220 Mathematics for Science IV 	 1 unit 	 1 hour 
ISC 222 Science Education N 	 2 units 	 2 hours 
ISC 223 Metals 	 3 units 	 4 hours 
ISC 224 The Earth in the Universe 	 1 unit 	 2 hours 
ISC 225 Fundamentals of Living things 	 3 units 	 4 hours 
ISC 226 Man and Energy III 	 3 units 	 5 hours 
ISC 227 Reproduction and Growth 	 1 unit 	 2 hours 
Total: 14 units 	 20 hours 
NCE YEAR III 
First Semester 
ISC 311 Carbon compounds I 	 1 unit 	 7 hours 
ISC 312 Transport, control & Develpt in Living things II 	 1 unit 	 7 hours 
ISC 313 Global Ecology I 	 1 unit 	 6 hours 
Total: 3 units 	 20 hours 
(for 4 weeks) 
Teaching Practice 	 10 units 	 (10 weeks) 
Second Semester 
ISC 321 Environmental and Population 	 2 units 	 3 hours 
ISC 322 Science and Society 	 2 units 	 3 hours 
ISC 323 Chemical Energetics 	 3 units 	 4 hours 
ISC 324 Transport, control & Develpt. in Living things III 	 2 units 	 3 hours 
ISC 325 Fields and Waves 	 2 units 	 3 hours 
ISC 326 Carbon Compounds II 	 2 units 	 3 hours 
ISC 327 Global Ecology II 	 1 unit 	 1 hour 
Total: 14 units 	 20 hours 
Overall Course Total: 72 units + 10 units T.P. 
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ts
 
 
an
d a
n
im
al
s.  
-
 
 
de
vi
se
 
 
an
d u
se
 
 
sim
pl
e  k
ey
s.
 
 
 
-
 
 
pr
ep
ar
e  
ch
ee
k 
ce
lls
 
 
an
d 
on
ion
 
 
ce
lls
 
 
fo
r  
vi
ew
in
g  u
nd
er
  a
  m
icr
os
co
pe
.  
-
 
 
re
co
gn
ise
 
 
an
d
 di
sti
ng
ui
sh
 be
tw
ee
n
 
 
an
im
al 
an
d 
pla
n
t  c
ell
s  e
.g
.  c
yt
op
las
m
,  c
el
l w
al
l,  c
ell
 m
em
br
an
e,
 
 
n
u
cle
us
,  v
ac
u
ol
es
 
 
an
d 
ch
lor
op
las
ts
 
 
in
 
 
a  
pl
an
t  c
ell
;  c
yt
op
las
m
,  c
ell
 m
em
br
an
e  
an
d  n
uc
leu
s  
in
 
 
an
 
 
an
im
al 
ce
ll.
 
 
 
-
 
 
un
de
rs
ta
nd
 th
at  
nu
cl
ei 
co
n
ta
in
 
 
ch
ro
m
os
om
es
 
 
an
d  t
ha
t  c
hr
om
os
om
es
 
 
ca
rr
y  
ge
n
es
.  
-
 
 
un
de
rs
ta
nd
 
 
th
at  
ge
n
es
 
 
ca
rr
y  
ch
em
ica
l i
nf
or
m
at
io
n
 
 
w
hi
ch
 de
te
rm
in
es
 
 
an
  in
di
vi
du
al
s' 
ch
ar
ac
te
ris
tic
s.  
 
-
 
 
kn
ow
 
 
th
at  
ba
cte
ria
 
 
an
d 
vi
ru
se
s  
ar
e  
m
icr
o-
or
ga
n
ism
s.
 
 
-
 
 
un
de
rst
an
d t
ha
t  b
ac
te
ria
 
 
an
d  
vi
ru
se
s  
ar
e  
im
po
rt
an
t  m
em
be
rs
 
 
of
 ec
ol
og
ica
l c
yc
les
.  
-
 
 
ex
pl
ain
 
 
th
e  i
m
po
rt
an
ce
 
 
of
 ba
cte
ria
 
 
in
 
 
na
tu
ra
l w
ate
r.
 
 
-
 
 
kn
ow
 
 
th
at  
vir
us
es
 
 
an
d 
so
m
e  
ba
cte
ria
 
 
ca
n
 
 
ca
us
e  
di
se
as
e.
 
 
-
 
 
u
se
 
 
so
m
e  
ba
cte
ria
 
 
e.
g.
 
 
to
 
 
m
ak
e  y
og
hu
rt
 
 
an
d 
ch
ee
se
.  
 
-
 
 
re
co
gn
ise
 
 
fu
n
gi
 an
d  
st
at
e  t
he
ir  
ch
ar
ac
te
ris
tic
s.  
.
gi
ve
 
 
ex
am
pl
es
 
 
of
 th
e  o
cc
ur
re
n
ce
 
 
of
 fu
n
gi
,  t
he
ir  
us
e  
as
 
 
fo
od
 an
d
 in
 
 
in
du
st
ry
.  
 
-
 
 
m
ea
su
re
 
 
fo
rc
es
 
 
u
sin
g  a
  n
ew
to
n  
m
et
er
.  
-
 
 
kn
ow
 
 
th
at  
w
or
k
 do
n
e  
=
 
 
fo
rc
e  
x
 
 
di
sta
nc
e,
 
 
an
d
 is  
m
ea
su
re
d  i
n  j
o
ul
es
.  
-
 
 
kn
ow
 
 
th
at  
th
e  e
n
er
gy
 
 
o
f a
 
 
bo
dy
 
 
is  
a  
m
ea
su
re
 
 
of
 it
s  c
ap
ac
ity
 
 
to
 
 
do
 
 
w
or
k a
n
d
 is  
m
ea
su
re
d
 in
 
 
jou
les
.  
-
 
 
un
de
rs
ta
nd
 
 
th
e  c
on
ce
pt
 
 
of
 po
w
er
  a
s  
th
e  r
at
e  
at
 
 
w
hi
ch
 w
or
k i
s  d
in
e  (
en
er
gy
 
 
is  
tra
n
sfe
rr
ed
)  a
n
d 
th
at  
th
e  u
ni
t  o
f p
ow
er
  is
 
 
th
e  
w
at
t  (j
ou
le/
se
co
n
d).
 
 
-
 
 
ap
pl
y  t
he
 
 
ab
ov
e  
to
 
 
pr
ac
tic
al 
ex
am
pl
es
 
 
e.
g.
 
 
m
ac
hi
ne
s  a
nd
 
 
m
ov
em
en
t  i
n  h
um
an
s.
 
 
 
-
 
 
di
sti
ng
ui
sh
 be
tw
ee
n  
ki
ne
tic
 
 
an
d 
po
te
n
tia
l e
n
er
gy
,  w
ith
 ki
ne
tic
 
 
en
er
gy
 
 
as
so
cia
te
d w
ith
 m
oti
on
,  a
n
d 
po
te
n
tia
l e
n
er
gy
 
 
as
so
cia
te
d w
ith
 po
sit
ion
 
 
in
 
 
a  
fo
rc
e  
fie
ld
.  e
.g
.  g
ra
vi
ty
.  
-
 
 
gi
ve
 
 
ex
am
pl
es
 
 
an
d s
ou
rc
es
 
 
of
 ea
ch
 o
f t
he
 
 
fo
llo
wi
ng
 
 
fo
rm
s
 
 
of
 en
er
gy
;  c
he
m
ica
l,  
he
at,
 
 
m
ag
n
et
ic,
 
 
so
un
d,
 
 
an
d  
el
ec
tro
m
ag
n
et
ic
 
 
ra
di
ati
on
 
 
in
clu
di
ng
 
 
lig
ht
.  
-
 
 
un
de
rs
ta
nd
 th
at
 
 
en
er
gy
 
 
ca
n  
be
 
 
co
n
ve
rte
d
 fro
m
 
 
on
e  
fo
rm
 
 
to
 
 
an
ot
he
r,
 
 
e.
g.
 
 
el
ec
tri
ca
l t
o  s
ou
n
d,  
he
at  
to
 
 
m
ec
ha
ni
ca
l.  
-
 
 
ap
pl
y  i
de
as
 
 
of
 en
er
gy
 
 
co
n
ve
rs
io
n  
to
 
 
m
ac
hi
ne
s,  
po
w
er
  s
ta
tio
ns
 
 
an
d 
to
 
 
an
im
als
(m
eta
bo
lis
m
).  
•,..., 
Ch
ar
ac
ter
ist
ic
s  o
f 
liv
in
g  t
hi
ng
s.
 
 
Pl
an
t  a
nd
 An
im
al 
Ce
lls
.  
Ch
ro
m
o
so
m
es
 
 
an
d 
Ge
n
es
.  
	
 
Ba
cte
ria
 
 
an
d 
Vi
ru
se
s.
 
 
Fu
n
gi
.  
Fo
rc
e,
 
 
W
or
k,
 
 
En
er
gy
,  P
ow
er
.  
Fo
rm
s  
o
f E
ne
rg
y.
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A
N
 AN
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ER
GY
.  
(Y
EA
R
 1)  
-
 
 
r
el
at
e  t
he
 
 
he
at
 
 
of
 a
 
 
bo
dy
 
 
to
 
 
th
e  e
n
er
gy
 
 
of
 m
ov
em
en
t  o
f p
ar
tic
le
s  i
n  
it  
.
 
 
-
 
 
kn
ow
 
 
th
at
 
 
m
at
er
ia
ls  
ge
n
er
all
y  
ex
pa
n
d  
on
 
 
he
a
tin
g.
 
 
-
 
 
u
n
de
rs
ta
n
d 
th
e  C
els
iu
s  
an
d
 K
elv
in
 
 
te
m
pe
ra
tu
re
 
 
sc
al
es
 
 
an
d 
th
e  c
on
ce
pt
 
 
of
 ab
so
lu
te
 
 
ze
ro
 
 
of
 te
m
pe
ra
tu
re
.  
-
 
 
kn
ow
 
 
th
e  m
ea
n
in
g  o
f f
ix
ed
 po
in
ts
 
 
,  
te
m
pe
ra
tu
re
 
 
in
te
rv
al
 an
d 
th
e  u
se
 
 
of
 d
iff
er
en
t  t
he
rm
om
et
ric
 
 
su
bs
ta
n
ce
s  
(e.
 
 
g.
 
 
al
co
ho
l,  
m
er
cu
ry
)  a
n
d 
oth
er
 
 
pr
op
er
tie
s  (
e.g
.  e
le
ct
ric
al 
re
sis
ta
n
ce
)  f
or
 
 
te
m
pe
ra
tu
re
 
 
m
ea
su
re
m
en
t.  
 
de
sc
rib
e  h
ea
t  t
ra
n
sfe
r  
by
 
 
co
nd
uc
tio
n
,  c
on
ve
ct
io
n
 
 
an
d  r
ad
ia
tio
n
.  
-
 
 
de
sc
rib
e  s
im
pl
e  d
em
on
str
ati
on
s  
of
 th
e  c
on
du
ct
io
n
 
 
o
f h
ea
t  a
lo
n
g  g
oo
d 
an
d 
po
or
 
 
co
n
du
ct
or
s  
an
d 
cit
e  d
ail
y  l
ife
 
 
ex
am
pl
es
 
 
o
f 
th
e  u
se
 
 
of
 g
o
od
 an
d 
po
or
 
 
co
n
du
ct
or
s.
 
 
-
 
 
de
sc
rib
e  s
im
pl
e  d
em
on
str
ati
on
s  
of
 th
e  t
ra
n
sfe
r  
of
 he
at
 
 
by
 
 
co
n
ve
ct
io
n
,  a
n
d 
cit
e  d
ail
y  l
ife
 
 
ex
am
pl
es
 
 
of
 th
e  u
se
 
 
o
f c
on
ve
ct
io
n
.  
-
 
 
de
sc
rib
e  s
im
pl
e  d
em
on
str
ati
on
s  
o
f t
he
 
 
ab
so
rp
tio
n
 
 
an
d  
em
iss
io
n
 
 
ch
ar
ac
ter
ist
ic
s  o
f m
att
 
 
an
d*
 s
hi
ny
 
 
su
rfa
ce
s  w
ith
 re
ga
rd
 to
 
 
ra
di
an
t  h
ea
t  a
n
d 
de
sc
rib
e  e
x
pe
rim
en
ts
 
 
to
 
 
co
m
pa
re
 
 
th
es
e  s
u
rfa
ce
s.  
 
-
 
 
u
n
de
rs
ta
n
d 
re
cti
lin
ea
r  
pr
op
ag
at
io
n  
of
 lig
ht
,  s
ha
do
w
s  
an
d  
ec
lip
se
s.
 
 
-
 
 
un
de
rs
ta
n
d 
th
e  l
aw
s  
of
 re
fle
cti
on
.  
-
 
 
de
sc
rib
e  t
he
 
 
po
sit
io
n
 
 
an
d  n
at
ur
e  
o
f a
n
 
 
im
ag
e
 
 
fo
rm
ed
 by
 
 
a  
pl
an
e  
m
irr
or
.  
-
 
 
de
sc
rib
e  t
he
 
 
be
ha
vio
ur
 
 
of
 lig
ht
 
 
as
 
 
it  
pa
ss
es
 
 
fr
om
 
 
on
e  
m
ed
iu
m
 
 
to
 
 
an
ot
he
r,
 
 
ap
pl
y  
th
is  
to
 
 
th
e  p
as
sa
ge
 
 
of
 lig
ht
 
 
th
ro
ug
h 
len
se
s,
 
 
co
n
ve
rg
in
g  a
n
d 
di
ve
rg
in
g.  
-
 
 
u
n
de
rs
ta
n
d 
so
m
eth
in
g  o
f t
he
 
 
st
ru
ct
ur
e  
an
d
 fu
n
ct
io
n
 
 
o
f t
he
 
 
hu
m
an
 
 
ey
e.
 
 
-
 
 
ap
pl
y  t
he
 
 
ef
fe
ct
s  o
f l
en
se
s  
to
 
 
th
e  c
or
re
cti
on
 
 
o
f e
ye
 
 
de
fe
ct
s  a
nd
 th
e  m
icr
o
sc
op
e
 
 
an
d 
pr
oje
ct
or
.  
-
 
 
de
sc
rib
e  a
nd
 ex
pl
ain
 
 
th
e  d
isp
er
sio
n
 
 
of
 w
hi
te
 
 
lig
ht
 
 
as
 
 
it  
pa
ss
es
 
 
th
ro
ug
h 
a  p
ris
m
.  
-
 
 
ex
pl
ain
 
 
th
e  o
cc
ur
re
n
ce
 
 
o
f r
ain
bo
ws
 
 
in
 
 
te
rm
s  
of
 th
e  d
isp
er
sio
n  
o
f l
ig
ht
 
 
by
 
 
ra
in
 
 
dr
op
s.
 
 
 
ex
pl
ain
 
 
ho
w
 
 
so
un
d 
wa
ve
s  
m
ay
 
 
be
 
 
pr
od
uc
ed
,  p
ro
pa
ga
te
d  a
n
d  r
efl
ec
te
d
 in
 
 
te
rm
s  
o
f l
on
gi
tu
di
na
l w
av
es
 
 
in
 
 
a  
m
ed
iu
m
.  
-
 
 
kn
ow
 
 
th
e  v
el
oc
ity
 
 
of
 so
un
d
 in
 
 
ai
r  a
n
d 
a  s
im
pl
e  m
et
ho
d 
of
 m
ea
su
re
m
en
t  .
 
 
-
 
 
kn
ow
 
 
th
e  f
ac
to
rs
 
 
w
hi
ch
 ca
us
e  
ch
an
ge
s  
in
 
 
th
e  f
re
qu
en
cy
 
 
o
f s
ou
n
d 
gi
ve
n
 
 
ou
t  b
y  v
ib
ra
tin
g  s
tri
ng
s,
 
 
ai
r  c
ol
um
n
s  
an
d  
ot
he
r  
ob
jec
ts;
 
 
th
e  a
pp
lic
ati
on
 
 
of
 th
is  
to
 
 
m
u
sic
al
 in
str
um
en
ts.
 
 
-
 
 
re
la
te
 
 
th
e  p
itc
h 
of
 a
 
 
so
un
d 
to
 
 
its
 
 
fre
qu
en
cy
 
 
an
d
 lo
ud
ne
ss
 
 
to
 
 
am
pl
itu
de
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  i
de
a  o
f q
ua
lit
y  o
f s
ou
n
d.
 
 
-
 
 
de
sc
rib
e  t
he
 
 
st
ru
ct
ur
e  
an
d  
fu
n
ct
io
n
 
 
o
f t
he
 
 
ca
r  
in
 
 
te
rm
s  
of
 th
e  v
ib
ra
tio
n
 
 
o
f t
he
 
 
ea
r  
dr
um
 
 
ca
us
in
g  n
er
ve
 
 
im
pu
lse
s.
 
 
 
-
 
 
u
n
de
rs
ta
n
d 
ele
m
en
ta
ry
 
 
m
ag
n
et
ism
 
 
by
 
 
pe
rf
or
m
in
g  
in
ve
sti
ga
tio
n
s  
w
ith
 pe
rm
an
en
t  m
ag
n
et
s.  
-
 
 
kn
ow
 
 
ho
w
 
 
to
 
 
m
ak
e  p
er
m
an
en
t  m
ag
n
et
s.  
-
kn
ow
 
 
th
e  l
aw
s  o
f m
ag
n
eti
sm
.  
-
 
 
kn
ow
 
 
ab
ou
t  l
in
es
 
 
of
 m
ag
n
eti
c  f
or
ce
 
 
ill
us
tra
te
d  
w
ith
 iro
n
 
 
fil
in
gs
.  
-
 
 
u
n
de
rs
ta
n
d 
m
ag
n
eti
c  i
nd
uc
tio
n
 
 
as
 
 
th
e  m
ec
ha
ni
sm
 
 
fo
r  
m
ag
n
eti
c  a
ttr
ac
tio
n
.  
-
 
 
be
 
 
aw
ar
e  
of
 ge
om
ag
n
eti
sm
 
 
an
d 
th
e  u
se
 
 
of
 th
e  m
ag
n
et
ic
 
 
co
m
pa
ss
.  
-
 
 
u
n
de
rs
ta
n
d 
wh
at
 
 
is  
m
ea
n
t  b
y  a
n
gl
e  o
f d
ip
,  m
ag
n
eti
c  e
qu
at
or
,  m
ag
n
et
ic
 
 
N
or
th
 an
d
 So
ut
h
 Po
le
s.  
 
-
 
 
in
ve
sti
ga
te
 
 
th
e  p
he
n
om
en
a  
of
 st
ati
c  e
le
ct
ric
ity
 
 
by
 
 
ru
bb
in
g  d
iff
er
en
t  m
at
er
ial
s  
e
.g
.  p
ol
yt
he
ne
 
 
an
d 
ac
eta
te
 
 
ro
ds
.  
-
 
 
in
ve
st
ig
at
e  d
iff
er
en
ce
s  
be
tw
ee
n
 
 
st
ati
c  e
lec
tri
cit
y  a
n
d 
m
ag
n
eti
sm
.  
-
 
 
ex
pl
ain
 
 
el
ec
tr
os
ta
tic
s  i
n  
te
rm
s  
o
f e
le
ct
ro
n
s.
 
 
H
ea
t  a
n
d 
Te
m
pe
ra
tu
re
.  
H
ea
t  T
ra
n
sfe
r.
 
 
...) 
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2 El
ec
tr
os
ta
tic
s.
 
 
(Y
E
A
R
 2
)  
-
 
 
un
de
rst
an
d t
he
 
 
n
ee
d
 fo
r  
a  
co
m
pl
ete
 
 
cir
cu
it  
fo
r  
ele
ctr
ici
ty
 
 
to
 
 
flo
w
.  
-
 
 
n
am
e  
th
e  p
ar
ts
 
 
of
 a  
sim
pl
e  c
irc
ui
t  a
nd
 de
sc
rib
e  t
he
ir  
fu
n
ct
ion
s.
 
 
-
ex
pla
in
 
 
th
e  t
er
m
s  
ele
ctr
ica
l c
on
du
ct
or
,  e
lec
tri
ca
l i
ns
ul
ato
r  
an
d
 de
sc
rib
e  c
om
m
on
 
 
ap
pl
ica
tio
n
s  
of
 bo
th
.  
-
dr
aw
 
 
an
d r
ec
og
n
ise
 
 
th
e  c
om
po
n
en
ts
 
 
of
 el
ec
tri
ca
l c
irc
uit
,  i
nc
lu
di
ng
 
 
ce
lls
 
 
(ba
tte
rie
s),
 
 
sw
itc
he
s,  
lam
ps
,  r
es
ist
or
s,
 
 
am
m
et
er
s  
an
d v
o
ltm
ete
rs
;  i
n  s
er
ies
 
 
an
d
 in
 
 
pa
ra
lle
l.  
-
un
de
rst
an
d t
ha
t  c
he
m
ica
l e
n
er
gy
 
 
is  
co
nv
er
te
d 
to
 
 
ele
ctr
ica
l e
n
er
gy
 
 
in
 
 
an
 
 
ele
ctr
ica
l c
ell
.  
-
 
 
co
n
st
ru
ct
 
 
an
d
 de
sc
rib
e  a
  s
im
pl
e  e
lec
tro
m
ag
n
et
.  
-
 
 
de
sc
rib
e  i
n  s
im
pl
e  t
am
s  
th
e  p
ro
du
ct
ion
 
 
of
 an
 
 
el
ec
tri
c  c
ur
re
n
t  b
y  m
ea
n
s  
f t
he
 
 
re
lat
iv
e  
m
ot
ion
 
 
o
f a
 
 
co
n
du
ct
or
 
 
an
d 
a  m
ag
ne
t.  
-
ex
pla
in
 
 
th
at  
th
e  m
ajo
r  
so
ur
ce
 
 
of
 en
er
gy
 
 
fo
r  
lar
ge
-s
ca
le
 
 
ele
c
tri
cit
y  p
ro
du
ct
io
n
 
 
ar
e  
th
e  c
om
bu
sti
on
 
 
of
 fo
ss
il
 fu
els
 
 
(e.
g.
 
 
Eg
bi
n  
th
erm
al 
po
w
er
 
 
st
at
io
n
),  w
at
er
-fl
ow
 
 
(e.
g.
 
 
K
ain
ji d
am
)  a
n
d n
uc
lea
r  
re
ac
tio
n
s.
 
 
-
 
 
de
m
on
st
ra
te
 
 
an
 
 
un
de
rs
ta
nd
in
g  o
f t
he
 
 
te
rm
s  
(an
d 
un
it  
s  
of
)  re
sis
ta
n
ce
 
 
(oh
m
s),
 
 
cu
rr
en
t  (a
m
pe
re
s)  
an
d 
po
te
n
tia
l d
iff
ere
nc
e  
(p.
d.
 
 
o
r  
vo
lta
ge
)  
-
 
 
un
de
rs
ta
nd
 an
d u
se
 
 
th
e  r
ela
tio
n
sh
ip
 
 
be
tw
ee
n
 
 
vo
lta
ge
,  c
ur
re
n
t  a
d 
re
sis
ta
n
ce
.  
-
 
 
di
sti
ng
ui
sh
 be
tw
ee
n  
di
re
ct  
an
d a
lte
rn
at
in
g  c
ur
re
n
t.  
 
-
 
 
de
sc
rib
e  t
he
 
 
co
rr
ec
t  w
iri
ng
 
 
of
 fu
se
d a
nd
 un
-fu
se
d  3
-p
in  
pl
ug
s.
 
 
-
de
sc
rib
e  t
he
 
 
ac
tio
n
 
 
of
 el
ec
tri
ca
l f
us
es
 
 
an
d 
rea
so
n
s  
fo
r  
th
e  c
ho
ice
 
 
o
f a
 
 
pa
rt
icu
lar
  r
at
in
g  o
f f
us
e  
fo
r  
a  
pa
rti
cu
lar
  u
se
.  
-
 
 
ex
pl
ain
 
 
th
e  p
rin
cip
le
 
 
of
 ea
rth
in
g  a
pp
lia
n
ce
s  
an
d 
oth
er
  s
af
ety
 
 
as
pe
ct
s  o
f e
lec
tri
ca
l c
irc
ui
ts.
 
 
 
-
 
 
kn
ow
 
 
th
at  
w
at
ts
 
 
=
 
 
v
ol
ts  
x  
am
pe
re
s  
an
d 
pe
rfo
rm
 
 
sim
pl
e  c
alc
ul
ati
on
s.
 
 
-
 
 
kn
ow
 
 
th
at  
th
e  c
om
m
er
cia
l u
n
it  
of
 el
ec
tri
ca
l e
n
er
gy
 
 
co
ns
um
pt
io
n  
is  
th
e  k
ilo
wa
tt  
ho
ur
  (k
W
h)  
an
d  h
ow
 
 
to
 
 
ca
lcu
lat
e  
th
e  c
os
t,  
e.
g.
 
 
u
sin
g  a
  N
EP
A 
bi
ll.
 
 
-
 
 
ap
pr
ec
iat
e  
so
m
e  
ev
id
en
ce
 
 
fo
r  
th
e  e
xi
ste
n
ce
 
 
of
 m
att
er
 
 
as
 
 
pa
rt
icl
es
.  
-
 
 
de
sc
rib
e  t
he
 
 
ge
n
er
al 
ph
ys
ica
l p
ro
pe
rti
es
 
 
of
 so
lid
s,  
liq
ui
ds
 
 
an
d g
as
es
.  
-
 
 
de
sc
rib
e  t
he
 
 
ch
an
ge
s  
o
f s
ta
te
 
 
of
 w
at
er
 
 
an
d 
oth
er
  c
om
m
on
 
 
m
at
er
ial
s.  
-
 
 
ex
pl
ain
 
 
th
e  s
ta
te
s  o
f m
att
er
  a
nd
 
 
ch
an
ge
s  
in
 
 
ta
m
s  
of
 si
m
pl
e  k
in
eti
c  t
he
or
y.
 
 
-
 
 
un
de
rs
ta
nd
 
 
th
e  i
de
al 
ga
s  
law
s,
 
 
pV
 =
 
 
n
RT
 an
d 
th
e  e
ffe
ct  
of
 in
te
r  
m
ol
ec
ul
ar
  fo
rc
es
 
 
on
 
 
ph
ys
ica
l p
ro
pe
rti
es
.  
-
 
 
kn
ow
 
 
th
at  
th
e  v
ap
o
ur
  pr
es
su
re
 
 
o
f a
 
 
pu
re
 
 
liq
ui
d d
ep
en
ds
 
 
on
 
 
te
m
pe
ra
tu
re
 
 
(qu
al
ita
tiv
e  t
re
at
m
en
t  o
n
ly)
.  
-
 
 
ap
pr
ec
iat
e  
th
at  
a  
liq
ui
d  b
oil
s  w
he
n
 
 
its
 
 
va
po
ur
  pr
es
su
re
 
 
is  
eq
ua
l t
o  t
he
 
 
ex
te
rn
al 
pr
es
su
re
.  
-
 
 
kn
ow
 
 
so
m
et
hi
ng
 
 
o
f o
rd
er
  in
 
 
so
lid
s;  
th
e  s
tru
ct
ur
e  
o
f N
aC
1 a
s  a
n
 
 
io
ni
c  s
ol
id
 an
d  c
ar
bo
n
 
 
(di
am
on
d)  
an
d c
arb
on
 
 
(gr
ap
hi
te  
as
 
 
m
ac
ro
m
ol
ec
ul
ar
 
 
st
ru
ct
ur
es
;  p
las
tic
s  a
s  
po
ly
m
er
s  
(cr
os
s-
lin
ke
d 
or
  n
ot
 
 
an
d g
las
se
s  a
s  
su
pe
r-
co
o
led
 liq
ui
ds
.  
 
-
 
 
de
sc
rib
e  t
he
 
 
di
ffe
re
nc
es
 
 
be
tw
ee
n
 
 
ph
ys
ica
l a
n
d 
ch
em
ica
l c
ha
n
ge
d a
qu
eo
us
 
 
an
d 
so
m
e  
n
on
-a
qu
eo
us
 
 
sy
st
em
s.
 
 
-
 
 
de
sc
rib
e  t
he
 
 
te
ch
ni
qu
es
 
 
an
d 
ap
pli
ca
tio
n
s  
of
 di
sti
lla
tio
n
s,
 
 
ev
ap
or
at
io
n,
 
 
se
di
m
en
ta
tio
n
,  c
ry
st
all
isa
tio
n
,  f
ilt
ra
tio
n
 
 
an
d 
ch
ro
m
at
og
ra
ph
y  e
.g
.  p
ap
er
  a
nd
 co
lum
n
.  
-
 
 
cla
ss
ify
 
 
m
at
te
r  
in
to
 
 
ele
m
en
ts
,  m
ix
tu
re
s  
an
d 
co
m
po
un
ds
;  a
n
d
 di
sti
ng
ui
sh
 b
etw
ee
n
 
 
th
em
.  
-
 
 
be
 
 
ab
le  
to
 
 
cla
ss
ify
,  o
r  
ga
se
s  
at
 
 
ro
om
 
 
te
m
pe
ra
tu
re
 
 
ele
m
en
ts
 
 
as
 
 
m
et
als
 
 
or
  n
on
-m
et
als
 
 
an
d  
as
 
 
so
lid
s,  
liq
u
id
s,  
or
  ga
se
s  
at
 
 
m
om
 
 
te
m
pe
ra
tu
re
.  
'0 
..5 
13 
To' 
VI 
N 0 Ma
in
s  e
lec
tri
ca
l 
cir
cu
its
.  
Co
sti
ng
 
 
of
 
el
ec
tri
ca
l e
ne
rg
y.
 
 
Igai 
try 0 
i Ph
ys
ic a
l a
n
d 
c h
em
ica
l c
ha
n
ge
d,
 
 
se
pa
ra
tio
n
 
 
te
ch
ni
qu
es
 
 
 
El
em
en
ts
,  m
ix
tu
re
s  
an
d 
co
m
po
un
ds
.  
IS
C 
11
6:
 
 
NA
TU
RE
 O
F 
M
AT
TE
R.
 
 
(Y
E
A
R
 1)  
00 
VI 
M 
-
 
 
de
sc
rib
e  t
he
 
 
st
ru
ct
ur
e  
of
 th
e  a
to
m
 
 
in
 
 
te
rm
s  
of
 pr
ot
on
s,
 
 
n
eu
tro
n
s,
 
 
an
d 
ele
ct
ro
ns
,  e
ac
h 
pa
rti
cle
 
 
de
sc
rib
ed
 
 
in
 
 
te
rm
s  
of
 its
 
 
re
lat
iv
e  
ch
ar
ge
s  
an
d m
as
s.  
-
 
 
un
de
rs
ta
nd
 th
at
 
 
an
 
 
el
em
en
t  i
s  d
ef
in e
d  
by
 
 
th
e  n
um
be
r  
of
 pr
ot
on
s  
in
 
 
its
 
 
nu
cle
us
.  
-
 
 
un
de
rs
ta
nd
 th
e  c
on
ce
pt
s  o
f a
to
m
ic  
nu
m
be
r  
an
d 
m
as
s  
nu
m
be
r,
 
 
re
lat
ed
 to
 
 
th
e  n
um
be
r  o
f p
ro
to
n
s  
an
d 
ne
utr
on
s  
in
 
 
a  
nu
cle
us
.  
-
 
 
ex
pl
ain
 
 
iso
to
pe
s  
in
 
 
te
rm
s  
of
 va
ria
tio
n
s  
of
 nu
m
be
rs  
of
 n
eu
tro
n
s.
 
 
-
 
 
kn
ow
 
 
th
e  a
rr
an
ge
m
en
t  o
f e
lec
tro
n
s  
in  
"
sh
ell
s"
 (c
on
sid
ere
d 
as
 
 
en
er
gy
 
 
lev
els
,  n
ot
 
 
as
 
 
Bo
hr
  or
bi
ts)
 
 
fo
r  
ele
m
en
ts
 
 
H
yd
ro
ge
n  
to
 
 
K
ry
p t
on
.  
-
 
 
kn
ow
 
 
th
at  
ce
rta
in
 
 
gr
o
u
ps
 
 
of
 el
em
en
ts
 
 
ha
ve
 
 
ce
rt
ain
 
 
pr
op
er
tie
s  a
nd
 re
ac
tio
n
s  
in
 
 
co
m
m
on
;  a
cc
ou
n
t  f
or
  th
es
e  
gr
ou
ps
 
 
of
 
ele
m
en
ts
 
 
in
 
 
te
rm
s  
of
 si
m
ila
rit
ies
 
 
of
 ar
ra
n
ge
m
en
t  o
f e
lec
tro
n
s.
 
 
-
 
 
de
sc
rib
e  t
he
 
 
gr
ad
ati
on
 
 
of
 pr
op
er
tie
s  w
ith
in
 
 
gr
o
u
ps
 
 
(al
ka
li  
m
et
als
 
 
an
d
 ha
lo
ge
ns
),  c
ha
ng
e  
in
 
 
ele
ctr
o-
n
eg
at
iv
ity
 
 
an
d 
ox
id
isi
ng
/re
du
cin
g  p
ro
pe
rti
es
 
 
do
wn
 
 
a  
gr
ou
p.
 
 
-
 
 
gi
ve
 
 
ex
am
pl
es
 
 
of
 gr
ad
ati
on
 
 
of
 pr
op
er
tie
s  a
lo
ng
 
 
pe
rio
d,
 
 
su
ch
 as
 
 
m
et
all
ic
 
 
fo
r  
th
e  p
er
iod
 So
di
um
 
 
to
 
 
Ch
lor
in
e.  
-
 
 
gi
ve
 
 
ex
am
pl
es
 
 
of
 io
n
ic
 
 
an
d  c
ov
ale
n
t  c
om
po
un
ds
 
 
w
ith
 pr
o
pe
rti
es
 
 
ch
ar
ac
te
ris
tic
 
 
o
f t
he
ir  
bo
nd
 ty
pe
. 	
 
-
 
 
kn
ow
 
 
th
e  i
de
n
tif
ic
ati
on
 
 
re
ac
tio
n
s  
of
 th
e  a
n
io
n
s  
Cl
-
' 	
r
  (a
qu
eo
u
s  
sil
ve
r  
ni
tra
te
);  N
O
3-
 
 
(br
ow
n
 
 
rin
g  t
es
t);  
C0
32
-  (d
ilu
te
 
 
ac
id
);  a
n
d
 S0
42
-  (b
ar
ium
 
 
ch
lo
rid
e).
 
 
-
 
 
kn
ow
 
 
th
e  r
ea
ct
ion
s  
of
 th
e  c
at
io
n
 
 
Ag
+
,  C
u+
,  C
u2
+
,  A
13
+
,
 
 
Fe
2+
,  F
e3
+
;  w
ith
 th
e  i
on
s  O
H-
,  C
l-,
 
 
an
d
 NH
4+
 (a
q),
 
 
as
 
 
ill
us
tra
tio
n
s  
of
 pr
ec
ip
ita
tio
n
 
 
re
ac
tio
n
s,
 
 
hy
dr
oly
sis
 
 
an
d 
su
bs
tit
ut
ion
 
 
re
ac
tio
n
s  
of
 m
eta
l i
on
s;
 
 
th
eir
 
 
u
se
 
 
in
 
 
id
en
tif
ica
tio
n
.  
-
 
 
kn
ow
 
 
th
e  g
en
er
al 
ch
ar
ac
te
ris
tic
s  o
f t
ran
sit
ion
 
 
el
em
en
ts
;  c
ol
ou
re
d
 io
ns
,  v
ar
iab
le
 
 
ox
id
ati
on
 
 
st
at
es
,  p
ar
am
ag
ne
tis
m
,  a
n
d t
he
ir  
u
se
 
 
as
 
 
ca
ta
ly
st
s.
 
 
-
 
 
un
de
rs
ta
nd
 th
at  
tra
n
sit
ion
 
 
ele
m
en
t  p
ro
pe
rti
es
 
 
ar
e  
re
lat
ed
 to
 
 
ha
vi
ng
 
 
an
 
 
in
co
m
pl
ete
 
 
su
bs
he
ll 
of
 el
ec
tro
n
s.
 
 
 
-
 
 
de
sc
rib
e  p
ho
to
sy
n
th
es
is  
in
 
 
te
rm
s  
of
 pl
an
ts
 
 
tra
pp
in
g  e
n
er
gy
 
 
an
d  u
sin
g  i
t  w
ith
 ca
rb
on
 
 
di
ox
id
e  a
n
d 
wa
te
r  
to
 
 
m
ak
e  
ca
rb
oh
yd
ra
te
.  
-
 
 
de
m
on
st
ra
te
 
 
ho
w  
to
 
 
te
st
 
 
lea
ve
s  a
nd
 
 
sto
ra
ge
 
 
or
ga
n
s  
fo
r  s
ta
rc
h 
.  
-
 
 
de
sc
rib
e  e
xp
er
im
en
ts
 
 
w
hi
ch
 sh
ow
 
 
th
at  
lig
ht
,  c
ar
bo
n
 
 
di
ox
id
e  a
nd
 ch
lo
ro
ph
yl
l a
re
 
 
ne
ce
ss
ar
y  
fo
r  
ph
ot
os
yn
the
sis
.  
-
 
 
di
sc
u
ss
 
 
th
e  i
m
po
rt
an
ce
 
 
of
 p
ho
to
sy
n
the
sis
 
 
to
 
 
lif
e  p
ro
ce
ss
es
 
 
an
d t
he
 
 
ec
on
om
y.
 
 
 
-
 
 
ex
pl
ain
 
 
w
ha
t  i
s  m
ea
n
t  b
y  c
om
bu
sti
on
 
 
an
d 
re
sp
ira
tio
n
.  
-
 
 
de
fin
e  o
xi
da
tio
n
 
 
an
d 
re
du
ct
ion
 
 
as
 
 
th
e  a
dd
iti
on
al 
rem
ov
al 
of
 ox
yg
en
 
 
re
sp
ec
tiv
ely
.  
-
 
 
id
en
tif
y  o
xi
da
tio
n
 
 
re
ac
tio
n
s  
an
d o
xi
di
sin
g  a
ge
n
ts
 
 
in
 
 
ca
se
s  
w
he
re
 
 
ox
yg
en
 
 
ha
s  b
ee
n
 
 
ad
de
d.
 
 
-
 
 
de
sc
rib
e  t
he
 
 
re
ac
tio
n
s  
o
f o
x
yg
en
 
 
w
ith
 so
m
e  
co
m
m
on
 
 
ele
m
en
ts
 
 
(e.
g.
 
 
ca
rb
on
,  h
yd
ro
ge
n
,  m
ag
n
es
ium
,  s
ul
ph
ur
,  z
in
c).
 
 
-
 
 
de
sc
rib
e  r
es
pi
ra
tio
n
 
 
in
 
 
te
rm
s  
of
 th
e  r
ele
as
e  o
f e
n
er
gy
 
 
fro
m
 
 
th
e  r
ea
cti
on
 
 
of
 o
xy
ge
n  
w
ith
 fo
od
,  f
or
m
in
g  w
as
te
 
 
pr
od
uc
ts
,  
ca
rb
on
 
 
di
ox
id
e  a
nd
 w
at
er
.  
-
 
 
de
sc
rib
e  a
n
 
 
ex
pe
rim
en
t  t
o  
m
ea
su
re
 
 
th
e  e
n
er
gy
 
 
ch
an
ge
 
 
du
rin
g  t
he
 
 
bu
rn
in
g  o
f f
oo
d.
 
 
-
id
en
tif
y  b
y  d
es
cr
ip
tio
n
 
 
an
d
 di
ag
ra
m
 
 
th
e  f
oll
ow
in
g  p
ar
ts
 
 
of
 a  
m
am
m
ali
an
 
 
re
sp
ira
to
ry
 
 
sy
st
em
:  n
o
st
ril
s,  
tra
ch
ea
,  e
pi
gl
ot
tis
,  
br
on
ch
i,  b
ro
n
ch
io
les
,  a
lv
eo
li,
 
 
lu
n
gs
,  c
ap
ill
ar
ies
,  r
ib
s,  
in
te
rc
os
ta
l m
us
cle
s,  
di
ap
hr
ag
m
;  a
n
d  d
es
cri
be
 
 
th
e  r
ol
es
 
 
th
es
e  
pa
rts
 
 
pl
ay
 
 
in
 
 
br
in
gi
ng
 
 
ox
yg
en
 
 
to
 
 
th
e  b
lo
od
 an
d  r
em
ov
in
g  c
ar
bo
n  
di
ox
id
e  a
n
d w
at
er
.  
-
 
 
di
sc
us
s  
th
e  e
vi
de
n
ce
 
 
w
hi
ch
 in
di
ca
te
s  t
ha
t  c
ig
ar
et
te
 
 
sm
ok
in
g  i
s  h
ar
m
fu
l.  
n 
FE 
1 .s 6 
..t 2 1 t 
4.,  
Re
ac
tio
n
s  
of
 so
m
e  
io
ns
 
 
Ph
o t
os
yn
the
sis
 
 
. 
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g 4t 
t IC
S  
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3:
 
 
PR
OC
ES
SE
S 
OF
 LI
FE
.  
(Y
EA
R
 1
)  
-
 
 
kn
ow
 
 
di
ffe
re
n
t  t
yp
es
 
 
of
 fo
od
 
 
an
d
 be
 
 
ab
le
 
 
to
 
 
te
st
 
 
fo
r  
th
e  p
re
se
n
ce
 
 
of
 g
lu
co
se
,  s
ta
rc
h,
 
 
pr
ot
ein
 
 
an
d
 fa
ts.
 
 
-
 
 
gi
ve
 
 
ex
am
pl
es
 
 
an
d 
so
ur
ce
s  
of
 ca
rb
oh
yd
ra
te
s,  
fa
ts  
an
d 
pr
ot
ein
s;  
br
ie
fly
 
 
de
sc
rib
e  t
he
ir  
im
po
rta
n
ce
 
 
to
 
 
an
im
a
ls  
an
d 
pl
an
ts
.  
-
 
 
kn
ow
 
 
so
m
e  
so
ur
ce
s  
o
f c
al
ciu
m
,  i
ro
n
 
 
an
d  
v
ita
m
in
s;  
br
ief
ly
 
 
de
sc
rib
e  t
he
ir  
im
po
rt
an
ce
 
 
to
 
 
an
im
al
s  
 
-
 
 
de
sc
rib
e  d
ig
es
tio
n
 
 
as
 
 
th
e  p
ro
ce
ss
 
 
o
f m
ak
in
g  l
ar
ge
 
 
pa
rti
cle
s  s
m
al
l e
n
ou
gh
 to
 
 
be
 
 
so
lu
bl
e;
 
 
ill
us
tra
te
 
 
th
is  
by
 
 
re
fe
re
n
ce
 
 
to
 
 
th
e  
ph
ys
ica
l a
n
d 
ch
em
ica
l a
cti
on
 
 
o
f t
ee
th
,  g
u
t  m
u
sc
le
s,
 
 
di
ge
sti
ve
 
 
jui
ce
s  a
n
d  
en
zy
m
es
.  
-
 
 
id
en
tif
y  b
y  d
es
cr
ip
tio
n
 
 
an
d
 di
ag
ra
m
 
 
of
 th
e  d
ig
es
tiv
e  
sy
st
em
 
 
o
f m
am
m
al
s:
 
 
m
ou
th
,  o
es
op
ha
gu
s,
 
 
st
om
ac
h,
 
 
liv
er
,  s
m
al
l 
in
te
sti
ne
,  la
rg
e
 
 
in
te
sti
ne
(co
lo
n
 
 
an
d 
re
ct
um
),  a
nu
s  
an
d 
th
e  o
rig
in
 
 
o
f t
he
 
 
,  
bi
le
 
 
du
ct  
an
d 
pa
n
cr
ea
tic
 
 
du
ct
.  
 
-
 
 
un
de
rs
ta
n
d t
he
 
 
ro
le
 
 
of
 b
lo
od
 in
 
 
th
e  t
ra
n
sp
or
t  o
f f
oo
ds
tu
ffs
,  r
es
pi
ra
to
ry
 
 
ga
se
s,
 
 
ho
rm
on
es
,  h
ea
t,  
ex
cr
eto
ry
 
 
m
at
er
ial
s  a
n
d 
as
 
 
a  
de
fe
n
ce
 
 
ag
ain
st  
di
se
as
es
.  
-
 
 
ou
tli
ne
 
 
th
e  r
ol
e  o
f l
ym
ph
 in
 
 
th
e  t
ra
n
sp
or
t  o
f f
oo
ds
tu
ffs
.  
-
 
 
ou
tli
ne
 
 
th
e  c
om
po
sit
io
n
 
 
of
 b
lo
od
 an
d  
ly
m
ph
.  
-
 
 
de
sc
rib
e  t
he
 
 
bl
oo
d 
cir
cu
la
tio
n
 
 
of
 a
 
 
m
am
m
al 
an
d
 ho
w
 
 
on
e  
w
ay
 
 
flo
w
 
 
is
 
 
m
ai
nt
ain
ed
 an
d
 ho
w
 
 
th
e  s
tru
ct
ur
e  
of
 ar
te
rie
s  a
n
d 
v
ein
s  i
s  r
ela
ted
 to
 
 
th
eir
 
 
fu
n
ct
io
n
.  
-
 
 
de
sc
rib
e  t
he
 
 
st
ru
ct
ur
e  
an
d  
fu
n
ct
io
n
 
 
o
f t
he
 
 
m
am
m
ali
an
 
 
he
ar
t.  
 
-
 
 
un
de
rs
tan
d 
th
e  p
ro
ce
ss
 
 
of
 ex
cr
eti
on
 
 
an
d
 de
sc
rib
e  t
he
 
 
ex
cr
et
or
y  o
rg
an
s  
an
d 
th
eir
 
 
fu
n
ct
io
n
s  
in
 
 
pl
an
ts  
an
d 
m
am
m
al
s.  
-
 
 
di
sti
ng
ui
sh
 b
etw
ee
n
 
 
ex
cr
eti
on
 
 
an
d 
eli
m
in
at
io
n  
in
 
 
m
am
m
al
s.  
 
-
 
 
de
sc
rib
e  t
he
 
 
st
ru
ct
ur
e  
an
d 
fu
n
ct
io
n
 
 
of
 th
e  g
ro
ss
 
 
n
er
vo
u
s  
sy
st
em
.  
-
 
 
ap
pr
ec
iat
e  t
he
 
 
v
alu
e  
o
f t
he
 
 
se
n
so
ry
 
 
n
er
vo
u
s  
sy
st
em
 
 
in
 
 
de
te
ct
io
n
 
 
o
f t
he
 
 
en
vi
ro
n
m
en
t  a
n
d  
pr
ot
ec
tio
n
.  
 
-
 
 
de
sc
rib
e  t
he
 
 
st
ru
ct
ur
e  
an
d
 fu
n
ct
io
n
 
 
of
 th
e  s
ke
le
to
n
 
 
in
 
 
su
pp
or
t,  
m
ov
em
en
t  a
nd
 pr
ot
ec
tio
n
.  
-
 
 
u
n
de
rs
tan
d 
m
us
cl
es
 
 
as
 
 
en
er
gy
 
 
co
n
ve
rte
rs
.  
-
 
 
re
la
te
 
 
bo
n
es
 
 
an
d 
joi
nt
s  t
o  
le
ve
r  
sy
st
em
s.
 
 
 
-
 
 
re
v
ie
w
 
 
fro
m
 
 
IC
S 1
23
,  f
oo
d 
re
qu
ire
m
en
ts
,  i
nc
lu
di
ng
 
 
cl
as
se
s  o
ff
 fo
od
s,  
an
d 
ba
la
n
ce
d 
di
et
 
 
fo
r  
th
e  m
am
m
al
s,  
di
ge
sti
on
.  
-
 
 
un
de
rs
tan
d 
ro
ot
 
 
sy
st
em
s  
in
 
 
re
la
tio
n
 
 
to
 
 
ex
ch
an
ge
 
 
o
f m
at
er
ial
s;
 
 
ro
ot
 
 
st
ru
ct
ur
e  
an
d 
gr
ow
th
 in
 
 
a  
he
rb
ac
eo
u
s  
di
co
ty
led
on
ou
s  
pl
an
t  i
n  
re
la
tio
n
 
 
to
 
 
w
at
er
 
 
an
d 
so
il,
 
 
n
u
tri
en
ts
 
 
an
d 
sa
lts
.  
-
 
 
u
nd
er
sta
n
d
 lea
f a
n
d 
ste
m
 
 
st
ru
ct
ur
e  
(cu
tic
le
,  s
to
m
at
a,  
len
tic
els
,  i
nt
er
n
al 
an
d 
sp
ac
e
 
 
sy
st
em
)  in
 
 
re
la
tio
n
 
 
to
 
 
th
e  e
x
ch
an
ge
 
 
o
f 
ox
yg
en
 
 
an
d 
ca
rb
on
 
 
di
ox
id
e  a
n
d
 lo
ss
 
 
o
f w
at
er
 
 
va
po
u
r.
 
 
 
-
 
 
re
vi
ew
 
 
fro
m
 
 
IS
C
 12
4 
&
 IS
C
 22
5,
 
 
th
e  p
hy
sic
al
 pr
oc
es
se
s  
in
 
 
ce
lls
,  i
nc
lu
di
ng
 
 
pe
rm
ea
bi
lit
y  a
nd
 o
sm
os
is.
 
 
-
 
 
kn
ow
 
 
th
e  s
tru
ct
ur
e  
an
d 
ar
ra
n
ge
m
en
t  o
f x
yl
em
 
 
an
d  
ph
lo
em
 
 
tis
su
es
 
 
in
 
 
re
la
tio
n
 
 
to
 
 
in
fra
cti
on
 
 
in
 
 
tra
n
sp
or
t;  
ev
id
en
ce
 
 
fo
r  
tra
n
sp
or
t  i
n  x
yl
em
 
 
an
d 
ph
lo
em
.  
-
 
 
kn
ow
 
 
ho
w  
w
at
er
,  m
in
er
als
 
 
(po
ta
ss
iu
m
,  p
ho
sp
ho
ru
s,
 
 
ca
lc
iu
m
)  a
n
d 
or
ga
ni
c  c
om
po
un
ds
 
 
(ca
rb
oh
yd
ra
te
s  a
nd
 or
ga
n
ic
 
 
n
itr
og
en
 
 
co
m
po
un
ds
)  a
re
 
 
ca
rr
ied
 by
 
 
tra
n
sp
or
t  s
ys
te
m
s  
an
d
 di
str
ib
ut
ed
 in
 
 
th
e  p
lan
t.  
-
 
 
di
sc
u
ss
 
 
hy
po
th
es
es
 
 
in
vo
lv
in
g  a
ct
iv
e  d
iff
us
io
n
.  
Nu
tri
tio
n
 
 
1 
tt ).., 
,,, 0 
› 
= w 0 00 
.4  Ci
rc
ul
at
or
y  
sy
st
em
s.
 
 
Ex
cr
eti
on
.  
Ne
rv
ou
s  
sy
st
em
.  
Sk
el
et
al 
sy
st
em
.  
G
ain
 
 
an
d
 lo
st  
of
 
fo
od
s  a
n
d 
oth
er
 
 
m
at
e r
ial
s.  
Tr
an
sp
or
t  i
n  
flo
we
rin
g  p
lan
ts
.  
IC
S 
12
6:
 
 
TR
AN
SP
OR
T,
 
 
CO
NT
RO
L
 AN
D
 
SK
EL
ET
A
L
 SY
ST
EM
S 
IC
S  
31
2  
&
32
4:
 
 
TR
A
NS
PO
RT
,  
CO
NT
RO
L
 &
DE
VE
-
LO
PM
EN
T 
IN
 LI
VI
NG
 
TH
IN
G
S.
 
 
(Y
E
A
R
 3
)  
-
 
 
re
v
iew
 
 
fr
om
 
 
IS
C
 22
7 
cy
cli
c  c
ha
n
ge
s  
in
 
 
th
e  o
va
ry
 
 
&
 ut
er
us
 
 
an
d 
th
eir
 
 
re
la
tio
n
 
 
to
 
 
ho
rm
on
e  
re
le
as
e.
 
 
-
 
 
kn
ow
 
 
th
e  s
tru
ct
ur
al 
an
d
 fu
n
cti
on
al
 di
ffe
re
n
ce
s  
be
tw
ee
n
 
 
m
al
e  a
n
d
 fe
m
al
e  g
am
et
es
;  t
he
 
 
ro
le
 
 
of
 te
sto
ste
ro
n
e  
in
 
 
se
xu
al
 
di
ffe
re
n
tia
tio
n
.  
-
 
 
kn
ow
 
 
th
e  r
ol
es
 
 
of
 th
e  m
al
e  a
n
d
 fe
m
al
e  r
ep
ro
du
ct
iv
e  t
ra
ct
s  i
n  
co
itu
s  a
nd
 ca
pa
cit
ati
on
.  
-
 
 
en
um
er
at
e  s
om
e  
ca
u
se
s  
of
 in
fe
rti
lit
y  i
n  
m
al
es
 
 
an
d
 fe
m
al
es
.  
-
 
 
be
 
 
aw
ar
e  
of
 p
os
sib
ili
tie
s  o
f d
ete
rm
in
in
g  t
he
 
 
se
x  
of
 th
e  z
yg
ot
e.  
-
 
 
di
sti
ng
u
ish
 be
tw
ee
n
 
 
m
on
oz
yg
o
tic
 
 
an
d
 di
zy
go
tic
 
 
tw
in
s.  
-
 
 
ap
pr
ec
iat
e  t
he
 
 
ro
le
 
 
an
d
 im
po
rta
n
ce
 
 
of
 fo
et
al 
m
em
br
an
es
;  a
m
ni
on
,  c
ho
rio
n
 
 
an
d 
all
an
to
is.
 
 
-
 
 
u
n
de
rs
ta
n
d 
th
e  s
tru
ct
ur
e  
sa
n
d
 fu
n
ct
io
n  
of
 th
e  p
la
ce
n
ta
 
 
an
d
 its
 
 
lim
ita
tio
n
 
 
as
 
 
a  
ba
rr
ier
,  t
he
 
 
vu
ln
er
ab
ili
ty
 
 
of
 th
e  f
oe
tu
s.
 
 
-
 
 
be
 
 
aw
ar
e  
o
f t
he
 
 
im
po
rt
an
ce
 
 
of
 b
lo
od
 
 
te
sts
;  p
ra
cti
ca
l a
pp
lic
ati
on
 
 
o
f b
lo
od
 gr
ou
ps
.  
-
 
 
re
vi
ew
 
 
th
e  w
or
k 
on
 
 
ge
n
eti
cs
 
 
in
 
 
IS
C
 22
5.
 
 
-
 
 
u
n
de
rs
ta
nd
 th
e  c
on
ce
pt
 
 
of
 he
re
di
ta
bi
lit
y  a
nd
 th
e  r
ele
va
n
ce
 
 
of
 tw
in
 
 
st
ud
ies
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  p
rin
cip
le
s  o
f g
en
e  
se
gr
eg
at
io
n
 
 
an
d
 in
de
pe
n
de
n
t  a
ss
or
tm
en
t.  
-
 
 
kn
ow
 
 
so
m
e  
ge
n
er
al 
ap
pl
ica
tio
n
s  
of
 g
en
et
ic
s  e
.g
.  b
lo
od
 gr
ou
ps
.  D
ow
n
's
 
 
sy
n
dr
om
e,
 
 
sic
kl
e  c
ell
 an
ae
m
ia
.  
-
 
 
be
 
 
aw
ar
e  
o
f t
he
 
 
po
ss
ib
ili
tie
s  o
f g
en
et
ic  
en
gi
ne
er
in
g  i
n  t
he
 
 
pr
od
uc
tio
n
 
 
o
f m
ed
ic
al
 p
ro
du
ct
s.  
-
 
 
kn
ow
 
 
th
e  m
ain
 
 
fa
ct
or
s  
as
so
cia
te
d 
wi
th
 gr
ow
th
.  
-
 
 
u
n
de
rs
ta
n
d 
gr
ow
th
 pa
tte
rn
s  
of
 th
e  b
od
y  s
ys
tem
 
 
in
 
 
te
rm
s  
o
f h
eig
ht
 
 
an
d 
w
eig
ht
,  g
ro
w
th
 cu
rv
es
:  d
iff
er
en
ce
s  
in
 
 
gr
ow
th
 
pa
tte
rn
s  
of
 m
ale
s  a
n
d
 fe
m
al
es
.  
-
 
 
be
 
 
aw
ar
e  
of
 th
e  c
ha
ra
ct
er
ist
ic
s  a
ss
oc
iat
ed
 w
ith
 pu
be
rt
y.
 
 
-
 
 
de
sc
rib
e  t
he
 
 
ch
an
ge
s  
an
d  
sig
n
s  
th
at
 
 
oc
cu
r  
as
so
ci
at
ed
 w
ith
 m
en
op
au
se
.  
-
 
 
u
n
de
rs
ta
n
d 
se
n
es
ce
n
ce
 
 
as
 
 
a  
pr
og
re
ss
iv
e  i
na
bi
lit
y  t
o  
re
sp
on
d 
to
 
 
ch
an
ge
s  
in
 
 
th
e  e
n
vi
ro
n
m
en
t,  
de
ge
n
er
at
io
n  
of
 th
e  l
ym
ph
ati
c  
sy
st
em
 
 
an
d
 de
cr
ea
se
d
 fu
n
ct
io
n
in
g  o
f t
he
 
 
or
ga
n
s,
 
 
sk
ele
ta
l c
ha
n
ge
s,
 
 
o
st
eo
po
ro
sis
 
 
an
d 
os
te
oa
rth
rit
is:
 
 
ca
lc
ifi
ca
tio
n
 
 
o
f t
iss
ue
 
 
re
la
tin
g  t
o  
m
al
fu
n
ct
io
n
in
g  o
f a
rte
rie
s,  
lu
n
gs
 
 
an
d 
ey
e
 
 
len
s.
 
 
-
 
 
ap
pr
ec
ia
te
 
 
th
at
 
 
m
an
y  
o
f t
he
 
 
ch
an
ge
s  
th
at
 
 
oc
cu
r  
w
ith
 ag
e  
ar
e  
n
at
ur
al 
an
d 
m
ay
 
 
re
qu
ire
 
 
su
pp
o
rt  
an
d 
sy
m
pa
th
y.
 
 
-
 
 
de
sc
rib
e  a
n
d 
ex
pl
ain
 
 
n
at
ur
al
 c
yc
le
s  -
 
 
da
ys
,  l
un
ar
 
 
m
on
th
s,  
ye
ar
s.
 
 
-
 
 
de
sc
rib
e  a
n
d 
ex
pl
ain
 
 
th
e  p
he
n
om
en
a  
of
 se
as
on
s;
 
 
ha
rm
at
ta
n
;  m
on
so
on
s;
 
 
su
m
m
er
/w
in
ter
,  r
ain
y/d
ry
.  
-
 
 
de
sc
rib
e  t
he
 
 
st
ru
ct
ur
e
 
 
of
 th
e  E
ar
th
 in
 
 
te
rm
s  
of
 co
re
 
 
m
an
tle
 
 
an
d 
cr
us
t.  
-
 
 
ap
pr
ec
iat
e  t
he
 
 
ge
ol
og
ica
l t
im
e  s
ca
le
 
 
an
d
 ho
w  
it  
ha
s  b
ee
n
 
 
de
te
rm
in
ed
.  
-
 
 
di
sc
us
s  
th
e  a
tm
os
ph
er
e  
as
 
 
pr
ot
ec
tio
n
 
 
fro
m
 
 
ra
di
ati
on
.  
-
 
 
cl
as
sif
y  r
oc
ks
 
 
as
 
 
ig
n
eo
us
,  s
ed
im
en
ta
ry
 
 
an
d 
m
eta
m
or
ph
ic
.  
-
 
 
u
n
de
rs
ta
n
d
 ho
w  
th
es
e  t
yp
es
 
 
of
 ro
ck
 ar
e  
fo
rm
ed
.  
-
 
 
gi
ve
 
 
de
ta
ils
 
 
of
 th
e  r
oc
k 
cy
cl
e.
 
 
-
 
 
te
st
 
 
fo
r  
so
m
e  
co
m
m
on
 
 
ro
ck
s  e
.g
.  c
ar
bo
n
at
es
,  s
u
lp
hi
de
s.  
-
 
 
kn
ow
 
 
ab
ou
t  t
he
 
 
oc
cu
rr
en
ce
,  v
al
ue
 
 
an
d  
u
se
 
 
of
 m
in
er
als
 
 
in
 
 
N
ig
er
ia
.  
 
-
 
 
kn
ow
 
 
th
e  r
ela
tio
ns
hi
p  
be
tw
ee
n
 
 
th
e  M
oo
n
 
 
an
d 
th
e  E
ar
th
.  
-
 
 
de
sc
rib
e  a
n
d 
ex
pl
ain
 
 
th
e  p
ha
se
s  o
f t
he
 
 
M
oo
n
.  
-
 
 
de
sc
rib
e  c
on
di
tio
n
s  
on
 
 
th
e  l
un
ar
 
 
su
rfa
ce
.  
-
 
 
u
n
de
rs
ta
n
d
 ho
w  
so
lar
 
 
an
d 
lun
ar
 
 
ec
lip
se
s  
oc
cu
r.
 
 
d 9,  
.14 
I Po
pu
la
tio
n
 
 
an
d 
g e
n
eti
cs
.  
v 
g 
a.) 
o. o 4 
T. .)  0 
cN 	 ., Na
tu
ra
l c
y c
le
s  
M 
g Th
e  M
oo
n
 
 
IS
C 
12
7:
 
 
TH
E E
AR
TH
 
A
ND
 T
H
E 
M
O
O
N.
 
 
-
 
 
id
en
tif
y  t
he
 
 
ch
ar
ac
te
ris
tic
s  o
f p
rim
at
es
;  t
he
 
 
sim
ila
rit
ie
s  a
nd
 di
ffe
re
n
ce
s  
w
ith
 o
th
er
 
 
m
am
m
al
s.  
-
 
 
di
sti
ng
u
ish
 hu
m
an
 
 
be
in
gs
 
 
fr
om
 
 
ot
he
r  
pr
im
at
es
,  d
es
cr
ib
e  d
iff
er
en
ce
s  
su
ch
 a
s  s
ke
le
ta
l s
tr
uc
tu
re
,  s
iz
e  o
f b
ra
in
,  m
an
ip
u
la
tio
n  
an
d 
us
e  
of
 to
ols
,  l
an
gu
ag
e
 
 
an
d
 in
te
lli
ge
n
ce
.  
 
-
 
 
ex
pl
ain
 
 
th
e  c
on
ce
pt
 
 
of
 an
 
 
ec
o
sy
st
em
 
 
.
 
 
-
 
 
de
sc
rib
e  t
he
 
 
m
ajo
r  
ec
o
sy
st
em
s  
in
 
 
N
ig
er
ia;
 
 
de
cid
uo
u
s,
 
 
sa
va
n
n
ah
 an
d 
tro
pic
al
 fo
re
sts
.  
-
 
 
de
sc
rib
e  t
he
 
 
ph
ys
ica
l a
n
d
 bi
ot
ic
 
 
fa
ct
or
s  
an
d 
us
es
 
 
of
 sm
al
ler
 
 
ec
o
sy
st
em
s  
e.
g.
 
 
po
n
ds
,  s
tre
am
s,
 
 
fa
rm
lan
d 
et
c.  
-
 
 
id
en
tif
y  t
he
 
 
re
la
tio
n
sh
ip
s  
be
tw
ee
n
 
 
pl
an
ts
 
 
an
d 
an
im
als
,  f
oo
d 
ch
ain
s,  
fo
od
 w
eb
s.  
-
 
 
ou
tli
ne
 
 
pe
op
le
's
 
 
u
se
 
 
o
f l
an
d 
wi
th
 re
fe
re
n
ce
 
 
to
 
 
fo
od
 pr
od
uc
tio
n
 
 
an
d
 fo
od
 ch
ain
s.  
-
 
 
ex
pl
ain
 
 
th
e  c
ar
bo
n
 
 
an
d  
n
itr
og
en
 
 
cy
cl
es
.  
-
 
 
ex
pl
ain
 
 
th
e  i
m
po
rt
an
ce
 
 
o
f f
er
til
ize
rs
 
 
,  
he
rb
ici
de
s  a
n
d 
pe
sti
ci
de
s  
in
 
 
fo
od
 pr
od
uc
tio
n
.  
-
 
 
de
sc
rib
e  a
n
d 
ex
pl
ain
 
 
th
e  m
ajo
r  
tr
ad
iti
on
al 
an
d 
m
od
ern
 
 
m
eth
od
s  o
f f
oo
d  
pr
es
er
va
tio
n
.  
-
 
 
de
sc
rib
e  a
ss
oc
iat
io
n
s,
 
 
pa
ra
sit
ism
,  s
ym
bi
os
is  
an
d 
co
m
m
en
sa
lis
m
.  
 
-
 
 
id
en
tif
y  a
n
d
 de
scr
ib
e  t
he
 
 
ar
ea
s  
o
f e
xp
lo
ita
tio
n
 
 
of
 re
so
ur
ce
s  
by
 
 
m
an
,  s
u
ch
 a
s  d
ef
or
es
ta
tio
n
,  m
in
in
g.
 
 
-
 
 
id
en
tif
y  a
n
d
 de
sc
rib
e  s
om
e  
ca
u
se
s  
o
f e
n
vi
ro
n
m
en
ta
l p
ol
lu
tio
n
;  b
io
lo
gi
ca
l (s
ew
ag
e),
 
 
ch
em
ica
l (e
spe
cia
lly
 
 
fe
rti
liz
er
s  
an
d 
po
w
er
 
 
st
at
ion
 
 
em
iss
io
n
s),
 
 
th
er
m
al
 an
d 
oth
er
s  
e.
g.
 
 
o
il 
sp
ill
ag
es
,  s
ilt
 
 
an
d 
oth
er
 
 
w
as
te
s  f
ro
m
 
 
m
in
in
g.
 
 
-
 
 
de
sc
rib
e  p
ar
ts  
o
f t
he
 
 
en
v
iro
n
m
en
t  a
ffe
ct
ed
 by
 
 
po
llu
tio
n
;  l
an
d,
 
 
ai
r  a
nd
 w
at
er
 
 
(  r
iv
er
s,
 
 
la
ke
s,  
th
e  s
ea
 
 
an
d 
pi
pe
d 
wa
te
r).
 
 
-
 
 
re
la
te
 
 
th
e  t
ra
n
sfe
r  
of
 p
ol
lu
ta
n
ts  
to
 
 
th
e  f
oo
d 
ch
ain
,  r
es
u
lti
ng
 
 
in
 
 
co
n
ce
n
tra
tio
n
 
 
in
 
 
ca
rn
iv
or
es
;  t
he
 
 
pa
rti
cu
la
r  
da
n
ge
r  
to
 
 
lar
ge
 
 
pr
ed
at
or
s.
 
 
 
-
 
 
id
en
tit
y  a
n
d
 lo
ca
te
 
 
n
at
ur
al 
re
so
ur
ce
s  
an
d  t
he
ir  
u
se
 
 
in
 
 
N
ig
er
ia
.  
-
 
 
de
sc
rib
e  w
ha
t  i
s  m
ea
n
t  b
y  c
on
se
rv
at
io
n
 
 
an
d  
re
cy
cl
in
g  o
f n
at
ur
al 
re
so
ur
ce
s.
 
 
-
 
 
di
sc
u
ss
 
 
th
e  r
ol
e  o
f c
on
se
rv
at
io
n
 
 
or
ga
n
isa
tio
n
s  
at
 
 
lo
ca
l,  
n
at
io
n
al 
an
d
 in
te
rn
ati
on
al
 le
ve
ls.
 
 
-
 
 
ap
pl
y  t
he
 
 
lcn
ow
led
ge
 
 
ac
qu
ire
d  t
o  
im
pr
ov
e  
th
e  m
an
ag
em
en
t  o
f t
he
 
 
en
vi
ro
nm
en
t.  
 
-
 
 
di
ffe
re
n
tia
te
 
 
be
tw
ee
n
 
 
sc
ala
r  a
n
d 
ve
ct
or
 
 
qu
an
tit
ies
.  
-
 
 
ad
d 
an
d 
su
bt
ra
ct  
co
pl
an
ar
 
 
ve
ct
or
s  g
ra
ph
ica
lly
 
 
or
 
 
by
 
 
ca
lcu
la
tio
n
 
 
(re
sol
ut
io
n
).  
-
 
 
kn
ow
 
 
an
d 
ap
pl
y  t
he
 
 
co
n
di
tio
n
s  
fo
r  
eq
u
ili
br
iu
m
 
 
fo
r  
tw
o  
or
 
 
th
re
e  c
op
lan
ar
 
 
fo
rc
es
 
 
ac
tin
g  a
t  a
 
 
po
in
t.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  c
on
ce
pt
 
 
of
 m
om
en
t  o
f f
or
ce
 
 
ab
ou
t  a
 
 
po
in
t;  
co
u
pl
es
,  c
en
tre
 
 
o
f m
as
s  a
n
d
 lev
er
s.
 
 
-
 
 
kn
ow
 
 
an
d 
ap
pl
y  
th
e  p
rin
cip
le
 
 
of
 m
om
en
ts
 
 
to
 
 
th
e  e
qu
ili
br
iu
m
 
 
of
 si
m
pl
e  s
tr
uc
tu
re
s.
 
 
-
 
 
u
n
de
rs
ta
n
d 
th
e  c
on
ce
pt
 
 
of
 m
ac
hi
ne
s  a
n
d 
be
 
 
ab
le
 
 
to
 
 
ca
lcu
la
te
 
 
m
ec
ha
n
ica
l a
dv
an
ta
ge
,  v
el
oc
ity
 
 
ra
tio
,  e
ffi
cie
n
cy
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  c
on
ce
pt
 
 
of
 fr
ict
io
n
,  i
ts  
ad
va
nt
ag
es
 
 
an
d
 di
sa
dv
an
ta
ge
s  
w
ith
 re
ga
rd
 to
 
 
th
e  e
ffi
cie
nc
y  o
f m
ac
hi
ne
s  
e.
 
 
g.
 
 
lu
br
ic
ati
on
,  r
ol
ler
 
 
be
ar
in
gs
 
 
an
d 
sy
n
ov
ial
 flu
id
.  
-
 
 
u
n
de
rs
tan
d 
th
e  c
on
ce
pt
 
 
of
 p
re
ss
ur
e  
as
 
 
fo
rc
e/ 
ar
ea
 
 
an
d  
ap
pl
y  t
hi
s  t
o  
kn
iv
es
,  t
ire
s,  
ca
te
rp
ill
ar
 
 
tr
ac
ks
 
 
et
c.  
 
-
 
 
u
n
de
rs
ta
nd
 th
e  c
on
ce
pt
 
 
of
 d
en
sit
y  a
s  
th
e  m
as
s  
of
 a
 
 
ce
rt
ain
 
 
vo
lu
m
e.
 
 
-
 
 
u
se
 
 
th
e  c
on
ce
pt
 
 
of
 de
n
sit
y  i
n  
pr
ob
lem
s  
in
vo
lv
in
g  f
lo
at
in
g  a
n
d 
sin
ki
ng
.  
-
de
sc
rib
e  a
 
 
sim
pl
e  d
em
on
str
ati
on
 
 
o
f t
he
 
 
re
la
tio
n
sh
ip
 
 
be
tw
ee
n
 
 
pr
es
su
re
 
 
an
d
 de
pt
h
 in
 
 
a  
liq
u
id
 an
d
 ho
w
 
 
th
is
 
 
va
rie
s  w
ith
 bo
th
 
de
pt
h 
an
d
 de
ns
ity
 
 
o
f t
he
 
 
liq
u
id
.  
-
 
 
de
sc
rib
e  a
pp
lic
ati
on
s  
in
 
 
liv
in
g  a
n
d  
n
on
-li
vi
ng
 
 
sy
st
em
s  
e.
g.
 
 
de
ep
 
 
se
a
 
 
an
im
als
,  b
ar
om
et
er
,  s
u
bm
ar
in
es
.  
-
 
 
kn
ow
 
 
th
e  p
rin
cip
le
 
 
of
 fl
oa
ta
tio
n
 
 
an
d  
ap
pl
y  
it  
to
 
 
pr
ac
tic
al 
ex
am
pl
es
 
 
su
ch
 a
 
 
bo
at
s,  
fis
he
s,  
ho
t  a
ir  
ba
llo
on
s.
 
 
H
um
an
 
 
be
in
gs
 
 
as
 
 
h i
gh
er
 
 
an
im
als
.  
t. o 
= 
4 ;4 
D 
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g 
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9 Co
n
se
rv
at
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n
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M
A
N
 IN
 T
H
E 
EN
VI
RO
NM
EN
T.
 
 
(Y
E
A
R
 2
)  
IS
C 
21
5:
 
 
ST
AT
IC
S 
A
ND
 D
YN
AM
IC
S 
(Y
EA
R
 2)  
-
 
 
kn
ow
 
 
an
d 
us
e  
th
e  e
qu
at
ion
:  a
ve
ra
ge
 
 
sp
ee
d 
=  
di
sta
nc
e/t
im
e  t
ak
en
.  
-
 
 
un
de
rs
ta
n
d 
an
d 
us
e
 
 
th
e  r
ela
tio
n
sh
ip
:  a
cc
el
er
at
io
n
 
 
=
 
 
ch
an
ge
 
 
of
 sp
ee
d/
tim
e.  
-
 
 
kn
ow
 
 
an
d 
us
e
 
 
th
e  r
ela
tio
n
sh
ip
 
 
th
at
 
 
ac
ce
ler
at
io
n
 
 
is
 
 
pr
op
or
tio
n
al 
to
 
 
th
e  f
or
ce
 
 
ac
tin
g  o
n
 
 
a  
bo
dy
.  
-
 
 
in
te
rp
re
t  a
 
 
sp
ee
d/
tim
e  g
ra
ph
 fo
r  
lin
ea
r  m
ot
io
n
.  
 
-
 
 
u
n
de
rs
ta
n
d 
an
d 
ap
pl
y  t
he
 
 
co
n
ce
pt
s  o
f m
om
en
tu
m
 
 
to
 
 
th
e  s
tu
dy
 
 
o
f m
o
vi
ng
 
 
ob
jec
ts
 
 
e.
g.
 
 
ta
bl
e  t
en
ni
s  b
all
 co
m
pa
re
d 
to
 
 
a  
st
on
e;
 
 
a  
bu
lle
t  t
hr
ow
n
 
 
or
 
 
fir
ed
 by
 
 
a  
gu
n
.  
-
 
 
kn
ow
 
 
an
d 
ap
ply
 
 
N
ew
to
n
's
 
 
La
ws
 
 
of
 M
ot
io
n
 
 
an
d 
un
de
rs
ta
n
d 
th
e  c
on
ce
pt
 
 
of
 fo
rc
e  
as
 
 
ra
te
 
 
of
 ch
an
ge
 
 
of
 m
om
en
tu
m
.  
-
 
 
de
riv
e
 
 
F 
=  
(m
y  -
 
 
m
u
)/t  
an
d 
un
de
rs
ta
n
d  
im
pu
lse
 
 
as
 
 
Ft
 
 
=
 
 
m
y  
-
 
 
m
u
.  
-
 
 
di
ffe
re
n
tia
te
 
 
be
tw
ee
n
 
 
m
as
s  
an
d  
w
ei
gh
t  a
n
d  
ex
pl
ai
n  t
he
ir  
re
la
tio
n
sh
ip
.  
-
 
 
kn
o
w
 
 
th
at
 
 
th
e  g
ra
vit
ati
on
al
 fo
rc
e  
ex
er
te
d 
on
 
 
1
 kg
 
 
at
 
 
th
e  E
ar
th
's
 
 
su
rfa
ce
 
 
is  
ab
ou
t  1
0N
.  
-
 
 
u
n
de
rs
ta
n
d 
an
d 
ap
pl
y  t
he
 
 
pr
in
cip
le
s  o
f c
on
se
rv
at
io
n
 
 
o
f l
in
ea
r  
m
om
en
tu
m
.  
 
-
 
 
re
vi
ew
 
 
th
e  c
on
ce
pt
s  a
n
d  
un
its
 
 
o
f w
or
k,
 
 
en
er
gy
 
 
an
d 
po
w
er
 
 
fr
om
 
 
IS
C
 11
5.
 
 
-
 
 
de
riv
e
 
 
th
e  e
xp
re
ss
io
n
s  
IC
E 
=  
1/2
m
y2
 
 
an
d
 PE
 =
 
 
m
gh
,  a
n
d 
ap
pl
y  t
he
m
 
 
to
 
 
ex
am
pl
es
.  
 
-
 
 
u
n
de
rs
ta
n
d 
th
at
 
 
u
ni
fo
rm
 
 
m
ot
io
n
 
 
in
 
 
a  
cir
cu
lar
 
 
pa
th
 im
pl
ie
s  a
cc
el
er
ati
on
 
 
di
re
ct
ed
 
 
to
w
ar
ds
 
 
th
e  c
en
tr
e  o
f t
he
 
 
ci
rc
le
.  
-
 
 
kn
ow
 
 
an
d 
ap
pl
y  t
he
 
 
co
n
ce
pt
 
 
of
 an
gu
lar
 
 
ve
lo
cit
y  t
o  
cir
cu
lar
 
 
m
ot
io
n
.  
-
 
 
ap
pl
y  
N
ew
to
n
's
 
 
La
ws
 
 
of
 M
oti
on
 
 
to
 
 
th
e  c
irc
ul
ar
 
 
m
ot
io
n
 
 
of
 re
al 
ob
jec
ts;
 
 
e.
g.
.  s
at
ell
ite
s,
 
 
ch
ar
ge
d 
pa
rti
cle
s  i
n  a
n
 
 
el
ec
tri
c  f
iel
d 
et
c.  
-
 
 
ex
pl
ain
 
 
ce
n
tri
pe
ta
l f
or
ce
 
 
an
d 
its
 
 
re
la
tio
n
sh
ip
s  
to
 
 
th
e  r
ad
iu
s  
o
f c
irc
ul
ar
 
 
m
ov
em
en
t  a
n
d 
th
e  p
ro
du
ct
io
n  
o
f a
rti
fic
ial
 g
ra
v
ity
.  
 
-
 
 
kn
ow
 
 
an
d 
ap
pl
y  t
he
 
 
co
n
ce
pt
 
 
of
 Si
m
pl
e  H
ar
m
on
ic
 
 
M
ot
io
n
 
 
(SH
M
)  a
s  
m
ot
io
n
 
 
of
 a
 
 
pa
rti
cl
e  w
ho
se
 
 
ac
ce
ler
ati
on
 
 
is  
pr
op
or
tio
n
al
 to
 
 
its
 
 
di
sp
lac
em
en
t  f
ro
m
 
 
its
 
 
m
ea
n
 
 
po
sit
io
n
 
 
an
d
 is  
al
wa
ys
 
 
di
re
ct
ed
 to
wa
rd
s  i
t.  
-
 
 
kn
ow
 
 
th
e  m
ea
n
in
g  o
f t
he
 
 
te
rm
s  
am
pl
itu
de
,  f
re
qu
en
cy
 
 
an
d 
pe
rio
d 
wi
th
 re
sp
ec
t  t
o  
SH
M
,  a
nd
 th
e  e
n
er
gy
 
 
as
so
cia
te
d 
wi
th
 
SH
M
.  
-
 
 
ap
pl
y  t
he
 
 
pr
in
cip
le
s  o
f S
H
M
 to
 
 
pr
ac
tic
al
 
 
ex
am
pl
es
 
 
e.
g.
 
 
th
e  s
im
pl
e  p
en
du
lu
m
 
 
an
d 
os
cil
lat
in
g  m
as
 
 
on
 
 
a  
sp
rin
g  i
n  
a  
qu
al
ita
tiv
e  m
an
n
er
.  
 
-
 
 
kn
ow
 
 
th
e  m
ol
ec
ul
ar
 
 
th
eo
ry
 
 
o
f c
oh
es
io
n
 
 
an
d 
ad
he
sio
n
 
 
an
d
 its
 
 
ap
pl
ica
tio
n
 
 
to
 
 
th
e  p
he
n
om
en
a  
of
 ca
pi
lla
rit
y,  
su
rfa
ce
 
 
te
n
sio
n
 
 
an
d 
vi
sc
os
ity
 
 
w
ith
 ex
am
pl
es
 
 
fr
om
 
 
n
at
ur
e  
e.
g.
,  m
ov
em
en
t  o
f w
at
er
 
 
in
 
 
pl
an
ts
 
 
an
d 
so
ils
,  f
or
m
at
io
n
 
 
o
f r
ain
 
 
dr
op
s  
an
d  b
ub
bl
es
 
 
an
d 
ob
jec
ts
 
 
fa
lli
ng
 
 
in
 
 
flu
id
s  e
.g
.  p
ar
ac
hu
te
s,  
ter
m
in
al
 v
el
oc
ity
.  
-
 
 
us
e  
th
e  k
in
eti
c  t
he
or
y  t
o  
ex
pl
ain
:  
co
n
du
ct
io
n
 
 
of
  h
ea
t; 
 
th
er
m
al
 ex
pa
n
sio
n
 
 
of
 so
lid
;  
th
e  p
re
ss
u
re
/te
m
pe
ra
tu
re
 
 
re
la
tio
n
sh
ip
 
 
of
 g
as
es
;  
ch
an
ge
 
 
o
f s
ta
te
;  
su
rfa
ce
 
 
te
n
sio
n/t
em
pe
ra
tu
re
 
 
re
la
tio
n
sh
ip
;  
v
isc
os
ity
/te
m
pe
ra
tu
re
 
 
re
la
tio
n
sh
ip
.  
Sp
ee
d 
an
d 
ac
ce
ler
at
io
n
.  
M
om
en
tu
m
.  
W
or
k,
 
 
en
er
gy
 
 
an
d 
po
w
er
.  
M
ot
io
n  
in
 
 
a  
cir
cle
.  
Si
m
pl
e  h
ar
m
on
ic
 
 
m
ot
io
n
.  
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EN
ER
GY
 
AN
D 
PA
RT
IC
LE
S.
 
 
(Y
E
A
R
 2
)  
-
 
 
kn
ow
 
 
th
e  i
nd
es
tru
ct
ib
le
 
 
n
at
ur
e  
of
 en
er
gy
.  
-
 
 
kn
ow
 
 
th
e  t
en
de
n
cy
 
 
fo
r  
en
er
gy
 
 
to
 
 
de
gr
ad
e  t
o  
th
e  f
or
m
 
 
of
 he
at
;  t
he
 
 
se
co
n
d
 law
 
 
of
 th
erm
od
yn
am
ic
s  a
n
d 
th
e  c
on
ce
pt
 
 
of
 
en
tr
op
y  (
qu
ali
ta
tiv
e  
on
ly
).  
-
 
 
kn
ow
 
 
so
m
e  
a  
•  
.
 
 
lic
at
ion
s  
of
 th
e  a
bo
v
e  
to
 
 
re
al
 s  
s
te
m
s  
e.
:.
 
 
ch
em
ica
l r
ea
ct
ion
s  
liv
in
:  s
 
 
s
te
m
s  
m
ec
ha
n
ica
l s
 
 
s
te
m
s.
 
 
-
 
 
kn
ow
 
 
th
at
 
 
so
m
e  
at
om
ic
 
 
n
uc
le
i c
an
 
 
ra
nd
om
ly
 
 
em
it  
ra
di
ati
on
,  t
ha
t  s
u
ch
 at
om
s  
ar
e  
ra
di
oa
ct
iv
e,
 
 
an
d 
th
at
 
 
en
er
gy
 
 
is  
re
le
as
ed
 
w
he
n
 
 
th
ey
 
 
de
ca
y.
 
 
-
 
 
ap
pr
ec
iat
e  t
ha
t  r
ad
ia
tio
n
 
 
is  
a  
n
at
ur
all
y  o
cc
ur
rin
g  p
he
n
om
en
on
.  
-
de
sc
rib
e  t
he
 
 
n
at
ur
e  
an
d 
ef
fe
ct
s  o
f a
,  p
 
 
an
d 
y  r
ay
s.
 
 
-
un
de
rs
ta
n
d 
th
e  c
on
se
qu
en
ce
s  
of
 th
e  r
ad
io
ac
tiv
e
 
 
de
ca
y  p
ro
ce
ss
 
 
in
 
 
te
rm
s  
of
 m
as
s  
n
um
be
r  
an
d 
at
om
ic
 
 
n
um
be
r  
(no
 
 
de
ta
ile
d  
kn
ow
led
ge
 
 
of
 de
ca
y  s
er
ies
 
 
w
il
l b
e  r
eq
u
ire
d).
 
 
-
 
 
kn
ow
 
 
th
at
 
 
th
e  n
at
ur
all
y  
oc
cu
rr
in
g  r
ad
io
ac
tiv
e  p
ro
pe
rti
es
 
 
of
 ca
rb
on
 
 
14
 en
ab
le
 
 
it  
to
 
 
be
 
 
u
se
d
 fo
r  
da
tin
g.
 
 
-
 
 
u
n
de
rs
ta
n
d 
th
at
 
 
m
at
ter
 
 
an
d 
en
er
gy
 
 
ar
e  
in
ter
-c
on
v
er
tib
le
;  E
in
ste
in
's
 
 
eq
ua
tio
n
,  E
 =
 
 
m
c2
 
 
-
 
 
kn
ow
 
 
th
at
 
 
th
e  e
n
er
gy
 
 
re
le
as
ed
 w
he
n
 
 
ra
di
oa
ct
iv
e  m
at
er
ial
s  d
ec
ay
 
 
ca
n
 
 
be
 
 
ha
rn
es
se
d
 fo
r  
th
e  p
ro
du
ct
io
n
 
 
of
 u
se
fu
l e
n
er
gy
 
 
(e.
g.
 
 
n
uc
lea
r  
po
w
er
 
 
st
at
io
n
s  
an
d
 fo
r  
de
str
uc
tiv
e
 
 
pu
rp
o
se
s  
(e.
g.
 
 
at
om
ic
 
 
bo
m
b).
 
 
-
 
 
be
 
 
aw
ar
e  
o
f t
he
 
 
pr
ob
lem
 
 
po
se
d
 by
 
 
th
e  w
as
te
 
 
pr
od
uc
ts
 
 
o
f n
uc
lea
r  
 
po
w
er
 
 
st
at
ion
s.
 
 
 
-
 
 
K
no
w  
th
e  g
en
er
al 
pr
op
er
tie
s  o
f m
eta
ls
 
 
an
d  
ap
pr
ec
iat
e  t
he
ir  
ec
on
om
ic  
va
lu
e  
re
la
ted
 to
 
 
pr
op
er
tie
s  s
u
ch
 as
 
 
co
n
du
ct
iv
ity
,  
st
re
n
gt
h,
 
 
m
al
le
ab
ili
ty
 
 
an
d 
du
ct
ili
ty
.  
-
 
 
de
sc
rib
e  e
xp
er
im
en
ts
 
 
to
 
 
es
ta
bl
ish
 th
e  o
rd
er
 
 
of
 re
ac
tiv
ity
 
 
w
ith
 w
at
er
/st
ea
m
,  o
f s
od
iu
m
,  c
al
ciu
m
,  m
ag
n
es
iu
m
,  z
in
c,  
iro
n
 
 
an
d  
co
pp
er
,  i
nt
er
pr
et
 
 
th
e  r
es
ul
ts  
in
 
 
te
rm
s  
of
 an
 
 
or
de
r  o
f r
ea
cti
vi
ty
.  
 
-
 
 
kn
ow
 
 
th
at
 
 
th
e  t
hr
ee
 
 
m
o
st
 
 
co
m
m
on
 
 
ty
pe
s  
of
 m
eta
l o
re
 
 
in
 
 
th
e  e
ar
th
's
 
 
cr
us
t  a
re
 
 
o
xi
de
s,
 
 
su
lp
hi
de
s  
an
d 
ca
rb
on
at
es
;  b
e  a
bl
e  t
o  
id
en
tif
y  t
he
se
 
 
co
m
po
un
ds
.  
-
 
 
kn
ow
 
 
th
at
 
 
co
pp
er
,  i
ro
n
,  a
lu
m
in
iu
m
 
 
an
d 
tin
 
 
ca
n
 
 
be
 
 
ex
tra
ct
ed
 fr
om
 
 
th
eir
 
 
or
es
 
 
by
 
 
ch
em
ica
l p
ro
ce
ss
es
.  
-
 
 
de
sc
rib
e  a
n
d 
ex
pl
ain
 
 
th
e  p
ro
ce
ss
 
 
of
 he
at
in
g  m
et
al
lic
 
 
ox
id
es
 
 
w
ith
 ca
rb
on
.  
-
 
 
ou
tli
ne
 
 
th
e  p
ro
ce
ss
 
 
by
 
 
w
hi
ch
 ir
on
 
 
is  
ex
tr
ac
te
d
 fro
m
 
 
its
 
 
or
e  
in
 
 
a  
bl
as
t  f
ur
n
ac
e.
 
 
 
-
 
 
ex
pl
ain
 
 
el
ec
tr
oly
sis
:  d
ef
in
e  t
he
 
 
te
rm
s  
el
ec
tr
oly
te
,  e
le
ct
ro
de
,  c
a
th
od
e  a
n
d 
an
od
e.  
-
 
 
ex
pl
ain
 
 
th
e  r
es
ul
ts
 
 
of
 q
ua
lit
ati
ve
 
 
an
d  
qu
an
tit
ati
ve
 
 
in
ve
sti
ga
tio
n
s  
of
 th
e  e
le
ct
ro
ly
sis
 
 
o
f a
qu
eo
us
 
 
so
lu
tio
n
s  
o
f c
op
pe
r(I
I)  
su
lp
ha
te
 
 
an
d 
of
 a
cid
ifi
ed
 w
at
er
.  
-
 
 
ex
pl
ain
 
 
Fa
ra
da
y's
 
 
la
w
s  
of
 el
ec
tr
oly
sis
.  
-
 
 
ex
pl
ai
n  t
he
 
 
ap
pl
ica
tio
n
 
 
of
 el
ec
tr
oly
sis
 
 
to
 
 
th
e  e
xt
ra
cti
on
 
 
of
 m
eta
ls.
 
 
-
 
 
ou
tli
ne
 
 
o
th
er
 
 
u
se
s  
o
f e
lec
tr
oly
sis
 
 
in
 
 
in
du
st
ry
;  e
le
ct
ro
pl
at
in
g,  
m
an
u
fa
ct
ur
e  
of
 so
di
um
 
 
hy
dr
ox
id
e,  
re
cla
m
at
ion
 
 
of
 si
lv
er
 
 
fro
m
 
 
sil
ve
r  
sa
lts
.  
	
-
 
 
ap
pr
ec
ia
te
 
 
th
at
 
 
co
rr
os
io
n
 
 
is  
ge
n
er
all
y  c
au
se
d  
by
 
 
at
m
os
ph
er
ic
 
 
ox
id
ati
on
.  
-
 
 
de
sc
rib
e  e
x
pe
rim
en
ts  
to
 
 
de
ter
m
in
e  f
ac
to
rs
 
 
w
hi
ch
 af
fe
ct
 
 
th
e  c
or
ro
sio
n
 
 
of
 ir
on
 
 
an
d 
ste
el.
 
 
-
 
 
de
sc
rib
e  s
u
ita
bl
e  m
et
ho
ds
 
 
fo
r  
pr
ot
ec
tin
g  m
et
als
 
 
ag
ai
ns
t  c
or
ro
sio
n
.  
C
on
se
rv
at
io
n
 
 
of
 
en
er
gy
.  
>:, 
.- > 
.= 
o 
G
en
er
al 
pr
op
er
tie
s  
an
d 
re
ac
tiv
ity
.  
Co
m
m
on
 
 
or
es
,  
ex
tra
ct
io
n
 
 
of
 
m
et
als
.  
El
ec
tr
oly
sis
.  
Co
rr
os
io
n
.  
IS
C
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M
ET
AL
S.
 
 
(Y
E
A
R
 2)  
•zt 
vo M 
-
 
 
kn
ow
 
 
th
e  e
ffe
cts
 
 
o
f e
xt
er
na
l f
or
ce
s  
on
 
 
el
as
tic
 
 
so
lid
s;  
H
oo
ke
's
 
 
la
w
 
 
an
d
 its
 
 
lim
ita
tio
n
s,
 
 
th
e  e
la
sti
c  l
im
it.
 
 
-
 
 
kn
ow
 
 
th
e  m
ea
n
in
g  
o
f t
en
sil
e  s
tr
es
s  
an
d 
str
ai
n,
 
 
Y
ou
n
g'
s  
m
od
ul
us
 
 
as
 
 
an
 
 
in
di
ca
to
r  
of
 m
ate
ria
l e
la
sti
ci
ty
 
 
an
d 
str
en
gt
h.
 
 
-
 
 
pe
rf
or
m
 
 
sim
pl
e  e
x
pe
rim
en
ts
 
 
to
 
 
de
te
rm
in
e  Y
ou
n
g'
s  
m
od
ul
us
.  
-
 
 
kn
ow
 
 
ap
pl
ic
at
io
n
s  
to
 
 
m
ec
ha
n
ic
al 
an
d 
civ
il 
en
gi
ne
er
in
g  e
.g
.  b
rid
ge
 
 
an
d
 bu
ild
in
g  
co
n
st
ru
ct
io
n
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  c
on
ce
pt
 
 
o
f e
la
sti
c  e
n
er
gy
 
 
e.
g.
 
 
en
er
gy
 
 
o
f a
 
 
st
re
tc
he
d 
sp
rin
g,
 
 
en
er
gy
 
 
ch
an
ge
s  
in
 
 
a  
bo
un
cin
g  b
al
l.  
 
-
 
 
re
v
ie
w
 
 
th
e  c
on
te
n
t  o
f I
SC
 12
7 '
th
e  E
ar
th 
an
d 
th
e  M
oo
n
'.
 
 
-
 
 
o
u
tli
ne
 
 
th
e  s
ca
le
 
 
an
d
 de
ta
ils
 
 
of
 th
e  s
o
lar
  s
ys
te
m
 
 
an
d
 ho
w
 
 
th
is  
w
a
s  
di
sc
ov
er
ed
.  
-
 
 
kn
ow
 
 
o
f t
he
 
 
pr
es
en
ce
 
 
an
d 
pr
o
pe
rt
ie
s  o
f s
pa
ce
 
 
v
ac
u
um
.  
 
-
 
 
ex
pl
ain
 
 
th
e  
di
ffe
re
n
ce
s  
be
tw
ee
n
 
 
st
ar
s,
 
 
pl
an
et
s  a
n
d 
sa
te
lli
te
s.  
-
 
 
be
 
 
aw
ar
e  
of
 th
e  e
x
ist
en
ce
 
 
o
f g
al
ax
ie
s  a
n
d 
oth
er
  s
te
lla
r  
ph
en
om
en
a.
 
 
-
 
 
gi
ve
 
 
br
ie
f o
ut
lin
es
 
 
o
f t
he
 
 
"
big
 
 
ba
n
g"
 
the
or
y  
of
 th
e  f
or
m
at
io
n
 
 
o
f t
he
 
 
u
n
iv
er
se
,  a
s  
an
 
 
ex
am
pl
e  o
f a
 
 
th
eo
ry
 
 
w
hi
ch
 ha
s  
gr
ad
ua
lly
 
 
ga
in
ed
 cr
ed
en
ce
 
 
by
 
 
th
e  a
cc
re
tio
n
 
 
of
 m
an
y  
in
di
vi
du
al
 p
iec
es
 
 
o
f e
vi
de
n
ce
.  
-
 
 
de
sc
rib
e  t
he
 
 
u
se
 
 
o
f a
str
on
o
m
ic
al 
tel
es
co
pe
s;
 
 
an
d 
rad
io
 
 
te
le
sc
op
es
 
 
fo
r  
th
e  d
ete
ct
io
n
 
 
an
d  
tra
ck
in
g  
o
f r
ad
io
 
 
w
av
e  
em
itt
in
g  
bo
di
es
. 	
 
-
 
 
kn
ow
 
 
sim
pl
e  d
et
ai
ls  
o
f t
he
 
 
di
ffe
re
n
t  m
et
ho
ds
 
 
o
f h
ea
v
ier
  th
an
 
 
ai
r  f
lig
ht
:  k
ite
s,  
gl
id
er
s,  
ae
ro
fo
ils
,  h
el
ic
op
te
rs
.  
-
 
 
ap
pr
ec
ia
te
 
 
th
e  e
co
n
om
ic
 
 
im
po
rt
an
ce
 
 
of
 ai
r  f
lig
ht
.  
-
 
 
be
 
 
aw
ar
e  
th
at
 
 
ai
rc
ra
ft  
ar
e  
pr
es
su
ris
ed
 to
 
 
m
ak
e  n
or
m
al
 b
re
ath
in
g  b
y  
pa
ss
en
ge
rs
 
 
po
ss
ib
le
.  
 
-
 
 
kn
ow
 
 
th
e  p
rin
cip
le
s  o
f r
oc
ke
try
 
 
an
d 
oth
er
  a
sp
ec
ts
 
 
o
f s
pa
ce
 
 
te
ch
no
lo
gy
.  
-
 
 
o
u
tli
ne
 
 
th
e  h
ist
or
y,
 
 
su
cc
es
se
s  
an
d 
so
m
e  
da
n
ge
rs
 
 
o
f s
pa
ce
 
 
tra
ve
l.  
-
 
 
de
sc
rib
e  t
he
 
 
pr
es
en
t  a
ct
iv
iti
es
 
 
o
cc
ur
rin
g  
in
 
 
sp
ac
e:
 
 
co
m
m
u
n
ic
ati
on
 
 
sa
te
lli
te
s,  
sp
ac
e  
sh
ut
tle
,  s
pa
ce
 
 
st
at
io
n
,  
in
te
rp
lan
et
ar
y  
pr
o b
es
.  
-
 
 
de
sc
rib
e  t
he
 
 
ca
u
se
s  
an
d 
po
ss
ib
ili
tie
s  o
f l
ow
 
 
w
ei
gh
t  a
n
d 
we
ig
ht
le
ss
n
es
s.
 
 
 
-
 
 
re
v
ie
w
 
 
th
e  c
on
te
n
t  o
f I
SC
 12
4 
(pl
an
t  a
n
d 
an
im
al 
ce
lls
).  
-
 
 
ex
pl
ain
 
 
th
e  n
at
ur
e  
an
d  
fu
n
ct
io
n
s  
o
f n
uc
le
us
,  c
el
l m
em
br
an
e,
 
 
ce
ll 
wa
ll,
 
 
v
ac
u
o
le
,  p
la
sti
ds
,  m
ito
ch
on
dr
ia
.  
-
 
 
co
m
pa
re
 
 
pr
ok
ar
yo
tic
 
 
an
d 
eu
ka
ry
o
tic
 
 
ce
lls
.  
-
 
 
u
n
de
rs
ta
n
d 
ce
ll 
di
vi
sio
n
 
 
an
d 
th
e  c
ell
 cy
cl
e,
 
 
in
clu
di
ng
 
 
m
ito
sis
 
 
an
d
 ba
cte
ria
l c
ell
 d
iv
isi
on
.  
-
 
 
kn
ow
 
 
th
e  o
cc
ur
re
n
ce
 
 
an
d  
fu
n
ct
io
n
s  
in
 
 
th
e  b
od
y  o
f t
he
 
 
m
ai
n  
ch
em
ic
al
 co
n
st
itu
en
ts
:  
ca
rb
oh
yd
ra
te
s
 
 
(m
on
o
sa
cc
ha
rid
es
,  d
isa
cc
ha
rid
es
 
 
an
d 
po
ly
sa
cc
ha
rid
es
).  
lip
id
s  (
tri
gl
yc
er
id
es
 
 
an
d 
ph
os
ph
ol
ip
id
s);
 
 
pr
ot
ein
s  (
am
in
o  
ac
id
s);
 
 
n
u
cl
ei
c  a
cid
s.  
-
 
 
u
n
de
rs
ta
n
d
 in
 
 
ge
n
er
al
 te
rm
s  
th
e  r
ep
lic
ati
on
 
 
o
f D
N
A
.  
-
 
 
be
 
 
aw
ar
e  
of
 th
e  m
ai
n  
fa
cto
rs
 
 
af
fe
cti
ng
 
 
th
e  p
er
m
ea
bi
lit
y  
o
f c
ell
 m
em
br
an
es
 
 
an
d 
th
e  c
on
ce
pt
s  
of
 o
sm
o
sis
,  p
in
oc
yt
os
is  
an
d 
ph
ag
o
cy
to
sis
;  p
la
sm
ol
ys
is  
an
d  
tu
rg
o
r;
 
 
hy
po
th
es
is
 
 
of
 ac
tiv
e
 
 
tra
n
sp
or
t.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  m
od
e  o
f a
cti
on
 
 
o
f e
n
zy
m
es
 
 
an
d
 fa
cto
rs
 
 
af
fe
cti
ng
 
 
en
zy
m
e  
ac
tiv
ity
:  t
em
pe
ra
tu
re
,  p
H
,  s
ub
str
at
e/e
n
zy
m
e  
co
n
ce
n
tr
at
io
n
,  i
nh
ib
ito
rs
,  c
o
en
zy
m
es
.  
El
as
tic
 
 
pr
o
p e
rt
ie
s  
o
f s
ol
id
s.  
Th
e  s
o
la
r  s
ys
te
m
.  
Th
e  U
ni
ve
rs
e.
 
 
4 
a 
A
cti
vi
tie
s  i
n  
sp
ac
e.
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TH
E  
EA
RT
H
 
IN
 TH
E  
UN
IV
ER
SE
.  
(Y
E
A
R
 2)
 
 
4., 0 
tz 
eq 
ev 
C.) 
4 
0  
> 
ri 
a 
-n 
t 
-
 
 
u
n
de
rs
ta
n
d 
th
e  g
en
er
al 
str
uc
tu
re
 
 
an
d
 im
po
rta
nc
e  
in
 
 
in
he
rit
an
ce
 
 
of
 th
e  n
uc
leu
s.
 
 
-
 
 
ap
pr
ec
iat
e  t
he
 
 
sig
n
ifi
ca
n
ce
 
 
of
 m
ito
sis
 
 
fo
r  
ge
n
eti
c  s
ta
bi
lit
y,  
gr
ow
th
 an
d 
ce
ll 
re
pl
ac
em
en
t;  
a
n
d 
m
eio
sis
 
 
in
 
 
se
xu
al
 
re
pr
od
uc
tio
n
 
 
an
d 
ge
n
eti
c  v
ar
iat
ion
.  
-
 
 
ex
em
pl
ify
 
 
sin
gl
e  g
en
e  
do
m
in
an
ce
 
 
as
 
 
sh
ow
n
 
 
by
 
 
H
un
tin
gt
on
's
 
 
ch
or
ea
.  
-
un
de
rs
ta
n
d 
th
e  e
x
pr
es
sio
n
 
 
of
 th
e  g
en
ot
yp
e  
in
 
 
th
e  p
he
n
ot
yp
e.
 
 
-
 
 
u
n
de
rs
ta
n
d 
th
e  m
ea
n
in
g  a
n
d  
sig
n
ifi
ca
n
ce
 
 
of
 ge
n
e  
po
ol
s.  
 
-
 
 
u
n
de
rs
ta
nd
 
 
ga
m
et
es
 
 
as
 
 
sp
ec
ial
ise
d 
ce
lls
.  
-
 
 
kn
ow
 
 
th
at
 
 
se
xu
al 
re
pr
od
uc
tio
n
 
 
re
qu
ire
s  t
he
 
 
fu
sio
n
 
 
o
f m
al
e  a
n
d
 fe
m
al
e  g
am
et
es
 
 
or
 
 
fo
rm
 
 
a  
zy
go
te
 
 
w
hi
ch
 de
ve
lo
ps
 
 
in
to
 
 
an
 
 
em
br
yo
.  
-
 
 
id
en
tif
y  t
he
 
 
ov
ar
ie
s  (a
n
im
al 
an
d  
pl
an
t)  t
es
te
s  a
n
d 
po
lle
n
 
 
gr
ain
s  a
s  
ga
m
et
e-
pr
od
uc
in
g  o
rg
an
s.
 
 
-
ap
pr
ec
iat
e  t
he
 
 
ph
ys
ica
l p
ro
bl
em
 
 
of
 br
in
gi
ng
 
 
to
ge
th
er
 
 
m
al
e  a
n
d  
fe
m
al
e  g
am
et
es
 
 
in
 
 
pl
an
ts
,  f
ish
 an
d  
m
am
m
al
s.  
-
id
en
tif
y  t
he
 
 
pa
rts
 
 
of
 a
 
 
sim
pl
e  f
lo
w
er
in
g  p
lan
t  a
n
d
 de
sc
rib
e  c
ro
ss
-p
o
lli
na
tio
n
 
 
as
 
 
tra
n
sfe
r  
of
 po
lle
n
 
 
fr
om
 
 
st
am
en
 
 
o
f o
n
e  
pl
an
t  
to
 
 
sti
gm
a  
o
f a
n
oth
er
 
 
pl
an
t  o
f t
he
 
 
sa
m
e  
sp
ec
ie
s.  
-
 
 
la
be
l a
 
 
di
ag
ra
m
 
 
o
f t
he
 
 
ur
in
og
en
ita
l s
ys
tem
 
 
of
 a
 
 
m
al
e  m
am
m
al
,  s
ho
wi
ng
 
 
pe
n
is,
 
 
u
re
th
ra
,  t
es
te
s,  
sp
er
m
 
 
tu
be
,  s
cr
ot
um
,  b
la
dd
er
 
 
an
d 
se
m
in
al 
ve
sic
le
.  
-
 
 
id
en
tif
y  p
ar
ts  
of
 th
e  f
em
al
e  m
am
m
al
ian
 
 
re
pr
od
uc
tiv
e  
sy
st
em
 
 
sh
ow
in
g  v
ag
in
a,  
ce
rv
ix
,  u
te
ru
s/w
om
b,
 
 
ov
ar
ie
s  a
n
d
 fa
llo
pi
an
 
 
tu
be
.  
-
 
 
de
sc
rib
e  i
n  
sim
pl
e  t
er
m
s  
th
e  m
on
th
ly
 
 
cy
cl
e  o
f t
he
 
 
u
ter
us
 
 
in
 
 
pr
ep
ar
in
g  f
or
 
 
po
ss
ib
le
 
 
pr
eg
n
an
cy
 
 
an
d 
th
e  s
he
dd
in
g  o
f t
he
 
 
sp
on
gy
 
 
lin
in
g  o
f t
he
 
 
u
te
ru
s  
pr
eg
n
an
cy
 
 
do
es
 
 
n
ot
 
 
oc
cu
r.
 
 
-
 
 
kn
ow
 
 
th
e  m
od
e  o
f a
cti
on
 
 
an
d 
re
la
tiv
e  
ef
fe
ct
iv
en
es
s  
of
  "n
at
ur
al
"
.  
ph
ys
ica
l a
n
d  
ch
em
ica
l (h
or
m
on
al
)  m
et
ho
ds
 
 
o
f 
co
n
tra
c-
 
•  
tio
n
.
 
re
la
tio
n
 
 
to
 
 
•
 
 
I  
ul
at
io
n
 
 
co
n
tr
ol
 fa
m
il  
a
n
d 
na
tio
n
al
 ec
on
om
ie
s.  
-
 
 
lab
el 
a  d
ia
gr
am
 
 
of
 th
e  h
um
an
 
 
fo
etu
s  
in
 
 
sit
u  s
ho
wi
ng
 
 
th
e  p
la
ce
n
ta
l m
em
br
an
es
,  c
or
d,
 
 
flu
id
,  w
all
 o
f t
he
 
 
u
te
ru
s,
 
 
he
ad
 an
d 
lim
bs
.  
-
 
 
kn
ow
 
 
ab
ou
t  p
ar
tu
rit
io
n
 
 
an
d  
la
ct
ati
on
;  h
or
m
on
al 
an
d 
ne
ur
al 
co
n
tr
ol 
of
 la
bo
ur
,  m
ilk
 se
cr
eti
on
 
 
an
d 
re
lea
se
;  b
en
ef
its
 
 
o
f b
re
as
t  
fe
ed
in
g.
 
 
-
 
 
de
sc
rib
e  a
n
 
 
ex
pe
rim
en
t  t
o  
in
ve
sti
ga
te
 
 
co
nd
iti
on
s  
re
qu
ire
d
 fo
r  
se
ed
 ge
rm
in
at
io
n
.  
-
 
 
de
sc
rib
e  a
n
 
 
ex
pe
rim
en
t  t
o  
in
ve
sti
ga
te
 
 
th
e  g
ro
w
th
 o
f a
 
 
pl
an
t  f
ro
m
 
 
a  
se
ed
.  
-
 
 
de
scr
ib
e  a
n
 
 
ex
pe
rim
en
t  t
o  
de
te
rm
in
e  w
he
re
 
 
gr
ow
th
 o
cc
ur
s  
in
 
 
a  
ro
ot
.  
 
-
 
 
kn
ow
 
 
so
m
eth
in
g  o
f t
he
 
 
o
rig
in
al 
se
pa
ra
tio
n
 
 
an
 
 
su
bs
eq
ue
n
t  u
n
ifi
ca
tio
n
 
 
of
 or
ga
n
ic
 
 
an
d  
in
or
ga
n
ic
 
 
ch
em
ist
ry
.  
-
 
 
ap
pr
ec
iat
e  t
he
 
 
un
iq
u
e  
n
at
ur
e  
of
 ca
rb
on
;  c
at
en
at
io
n
,  t
he
 
 
la
rg
e
 
 
n
um
be
rs
 
 
of
 co
m
po
u
nd
s  f
or
m
ed
 
 
an
d 
th
eir
 
 
co
m
pl
ex
ity
 
 
an
d  
im
po
rta
n
ce
 
 
in
 
 
liv
in
g  m
a t
ter
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  p
rin
cip
le
s  o
f f
un
ct
io
n
al 
gr
ou
ps
 
 
an
d 
str
uc
tu
ra
l f
or
m
ul
ae
 
 
(ill
us
tr
at
ed
 fr
om
 
 
th
e  c
om
po
un
ds
 
 
m
en
tio
n
ed
 be
lo
w
).  
-
 
 
ap
pl
y  t
he
 
 
IU
PA
C 
ru
le
s  t
o  
hy
dr
oc
ar
bo
n
s  
an
d 
th
eir
 
 
sim
pl
e  s
ub
sti
tu
tio
n
 
 
pr
od
uc
ts
.  
Ch
ro
m
os
om
es
,  
ge
n
es
 
 
an
d 
va
ria
tio
n
s.
 
 
d 
o 
= U 
1  
f 
1
t  cil  Gr
ow
th
 an
d 
D
ev
el
op
m
en
t.  
In
tr
od
uc
tio
n
 
 
to
 
 
Ca
rb
on
 
 
Ch
em
ist
ry
.  
O' 
0 06 
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-
 
 
be
 
 
aw
ar
e  
of
 th
e  f
ac
t  t
ha
t  c
ar
bo
n
 
 
co
m
po
un
ds
 
 
ca
n
 
 
fo
rm
 
 
an
 
 
ho
m
ol
og
ou
s  
se
rie
s.  
-
 
 
kn
ow
 
 
fo
r  
al
ke
n
es
:  g
en
er
al
 fo
rm
ul
a,
 
 
ty
pe
 
 
of
 bo
n
di
ng
,  m
et
ho
ds
 
 
o
f p
re
pa
ra
tio
n  
n
at
ur
al 
oc
cu
rr
en
ce
,  c
om
bu
sti
on
,  u
se
s  
as
 
 
fu
el
s,  
su
bs
tit
ut
ion
 
 
re
ac
tio
n
s.
 
 
-
 
 
kn
ow
 
 
fo
r  
al
ke
n
es
:  g
en
er
al
 fo
rm
ul
a,
 
 
m
et
ho
ds
 
 
of
 pr
ep
ar
ati
on
,  t
yp
e  
of
 bo
nd
in
g,
 
 
ad
di
tio
n
 
 
re
ac
tio
n
s  
of
 et
he
n
e  
an
d 
pr
op
en
e  
w
ith
 br
om
in
e
 
 
,  
hy
dr
og
en
 
 
br
om
id
e  a
n
d 
su
lp
hu
ric
 
 
ac
id
.  
-
 
 
kn
ow
 
 
fo
r  a
lk
y n
es
:  g
en
er
al
 fo
rm
ul
a,
 
 
a
 
 
m
et
ho
d 
of
 pr
ep
ar
ati
on
 
 
o
f e
th
yn
e,
 
 
ty
pe
 
 
of
 b
on
di
ng
,  a
dd
iti
on
 
 
re
ac
tio
n
s,
 
 
en
er
gy
 
 
o
f t
rip
le
 
 
bo
n
d  
w
ith
 re
fer
en
ce
 
 
to
 
 
et
hy
n
e.
 
 
 
-
 
 
kn
ow
 
 
fo
r  
pe
tr
ole
um
:  o
rig
in
,  o
cc
u
rr
en
ce
,  c
om
po
sit
io
n
 
 
as
 
 
a  
m
ix
tu
re
 
 
o
f p
re
do
m
in
an
tly
 
 
al
ip
ha
tic
 
 
hy
dr
oc
ar
bo
n
s.
 
 
-
de
sc
rib
e  t
he
 
 
di
sti
lla
tio
n
 
 
of
 cr
ud
e  o
il,
 
 
w
ith
 ap
pr
ox
im
at
e  p
ro
po
rti
on
s  
an
d  
m
ajo
r  
u
se
s  
fo
r  
ea
ch
 fra
cti
on
.  
-
 
 
u
n
de
rs
ta
n
d 
cr
ac
ki
ng
 
 
as
 
 
a  
w
ay
 
 
of
 br
ak
in
g  l
on
ge
r  
ch
ain
s  t
o  
sh
or
ter
,  m
or
e  
co
m
m
er
cia
lly
 
 
u
se
fu
l o
n
es
.  
-
 
 
kn
ow
 
 
t h
e  m
ea
n
in
g  o
f t
he
 
 
o
ct
an
e  
n
um
be
r  
of
 a  
fu
el
.  
-
 
 
ap
pr
ec
iat
e  e
th
en
e  
as
 
 
a  
pr
od
uc
t  o
f c
ra
ck
in
g,
 
 
w
hi
ch
 is  
an
 
 
im
po
rta
nt
 
 
so
u
rc
e  
o
f c
he
m
ica
ls
 
 
fo
r  
ag
ric
ul
tu
re
,  m
ed
ici
ne
 
 
an
d  
in
du
st
ry
.  
 
-
 
 
kn
ow
 
 
fo
r  
co
al
:  o
rig
in
,  o
cc
u
rr
en
ce
,  u
se
 
 
as
 
 
fu
el
,  c
om
po
sit
io
n
 
 
as
 
 
pr
ed
om
in
an
tly
 
 
ca
rb
on
,  w
ith
 m
an
y  u
se
fu
l o
rg
an
ic
 
 
co
m
po
u
n
ds
.  
-
 
 
kn
ow
 
 
th
e  d
ist
ill
ati
on
 
 
o
f c
oa
l t
o  r
ele
as
e  c
o
al 
ga
s  
an
d 
co
al 
ta
r  
fro
m
 
 
w
hi
ch
 im
po
rta
nt
 
 
or
ga
n
ic
 
 
co
m
po
un
ds
 
 
ar
e  
se
pa
ra
te
d,
 
 
in
clu
di
ng
 
 
ar
om
at
ics
 
 
su
ch
 a
s  b
en
ze
n
e,
 
 
ph
en
ol
,  t
ol
ue
n
e.
 
 
 
-
 
 
kn
ow
 
 
th
e  n
om
en
cla
tu
re
 
 
o
f t
he
 
 
ha
lo
al
ka
n
es
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  p
ol
ar
 
 
n
at
ur
e  
o
f t
he
 
 
bo
n
ds
.  
-
 
 
be
 
 
aw
ar
e  
o
f t
he
 
 
sy
n
th
eti
c  u
til
ity
 
 
of
 su
bs
tit
ut
ion
 
 
re
ac
tio
n
s  
on
 
 
ha
lo
al
ka
ne
s  e
.g
.  w
ith
 -O
H
,  -
CN
,  a
n
d 
-N
H
2  (
 
 
re
str
ict
ed
 th
e  
fo
rm
at
io
n
 
 
of
 p
rim
ar
y  a
m
in
es
).  
-
 
 
re
al
ise
 
 
th
e  i
m
po
rt
an
ce
 
 
an
d
 da
ng
er
s  
o
f s
om
e  
or
ga
n
o-
ch
lor
in
e  c
om
po
un
ds
 
 
e.
g.
 
 
D
D
T,
 
 
PC
Bs
,  P
VC
,  C
FC
s.  
 
-
 
 
kn
ow
 
 
th
e  g
en
er
al 
m
ol
ec
ul
ar
 
 
fo
rm
ul
a  a
n
d 
no
m
en
cla
tu
re
.  
-
 
 
kn
ow
 
 
m
et
ho
ds
 
 
fo
r  
th
eir
 
 
pr
ep
ar
at
io
n
.  
-
 
 
u
n
de
rs
ta
n
d  
w
ha
t  h
ap
pe
n
s  
w
he
n  t
he
y  a
re
 
 
ox
idi
se
d.
 
 
-
 
 
kn
ow
 
 
th
e  i
nd
us
tri
al 
pr
ep
ar
at
io
n
 
 
of
 et
ha
n
ol
 b
y  f
er
m
en
ta
tio
n
 
 
an
d
 fr
om
 
 
eth
en
e.
 
 
-
 
 
kn
ow
 
 
in
du
str
ial
 an
d  d
om
es
tic
 
 
u
se
s,
 
 
in
clu
di
ng
 
 
de
ta
ils
 
 
of
 m
eth
yl
at
ed
 sp
iri
ts.
 
 
 
-
 
 
kn
ow
 
 
th
e  g
en
er
al 
m
ol
ec
ul
ar
 
 
fo
rm
ul
a  a
n
d 
no
m
en
cla
tu
re
.  
-
 
 
be
 
 
aw
ar
e  
or
 
 
n
at
ur
al
ly
 
 
oc
cu
rr
in
g  a
cid
s  s
u
ch
 as
 
 
et
ha
n
oi
c  a
n
d  c
itr
ic
 
 
ac
id
s.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  h
yd
ro
ly
sis
 
 
of
 es
te
rs
,  i
nc
lu
di
ng
 
 
sa
po
n
ifi
ca
tio
n
;  r
ela
tio
n
 
 
to
 
 
fa
tty
 
 
ac
id
s,  
to
 
 
fa
ts
 
 
an
d
 di
ge
sti
on
.  
 
-
 
 
kn
ow
 
 
th
e  c
la
ss
es
 
 
of
 am
in
es
 
 
an
d 
th
eir
 
 
n
om
en
cla
tu
re
.  
-
 
 
u
n
de
rs
ta
n
d  
th
e  c
on
ce
pt
 
 
of
 ba
sic
ity
 
 
as
 
 
ap
pl
ied
 to
 
 
am
in
es
.  
-
 
 
kn
ow
 
 
th
er
e  
ar
e  
di
ffe
re
n
t  t
yp
es
 
 
o
f a
m
in
o  a
cid
s.  
-
 
 
kn
ow
 
 
th
at
 
 
am
in
o
 
 
ac
id
s  h
av
e
 
 
ac
id
ic
 
 
an
d
 ba
sic
 
 
pr
op
er
tie
s.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  r
ela
tio
n
sh
ip
 
 
of
 am
in
o  a
cid
s  t
o  
pr
ot
ein
s.  
A
l ip
ha
tic
 
 
hy
dr
oc
ar
bo
n
s.
 
 
Cr
ud
e  o
il.
 
 
.o 0 U Ha
lo
al
ka
n
es
.  
o 
I Alk
a n
oi
c  a
cid
s.  
Am
in
es
 
 
an
d 
am
in
o  
ac
id
s.  
N 
VD 
C41 
-
 
 
u
n
de
rs
ta
n
d  
th
e  c
on
ce
pt
 
 
of
 p
ol
ym
er
isa
tio
n
.  
-
 
 
kn
ow
 
 
th
e  n
at
ur
e  
an
d 
us
es
 
 
of
 ad
di
tio
n
 
 
an
d 
co
n
de
n
sa
tio
n
 
 
po
ly
m
er
s  
e.
g.
 
 
po
ly
th
en
e,
 
 
po
ly
am
id
es
 
 
an
d 
po
ly
es
te
rs
.  
di
ffe
re
n
tia
te
 
 
be
tw
ee
n
 
 
ty
pe
s  
of
 p
la
sti
cs
:  t
he
rm
o-
pl
as
tic
 
 
an
d 
th
er
m
o-
se
tti
ng
.  
 
-
 
 
ap
pr
ec
ia
te
 
 
th
e  s
oc
ial
 an
d  
po
lit
ica
l i
m
pl
ica
tio
n
s  
of
 sc
ien
ce
 
 
an
d  
te
ch
no
lo
gy
 
 
in
 
 
th
e  e
n
vi
ro
n
m
en
t,  
in
clu
di
ng
 
 
th
e  p
ro
bl
em
 
 
of
 
co
n
fli
ct
 
 
be
tw
ee
n
 
 
th
e  n
ee
d
 fo
r  
ele
ct
ric
al
 p
ow
er
 
 
an
d 
m
in
er
als
,  a
n
d 
th
e  d
am
ag
e  
th
at
 
 
m
ay
 
 
be
 
 
ca
u
se
d 
to
 
 
th
e  e
n
vi
ro
nm
en
t  
-
 
 
di
sc
us
s  
th
e  e
ffe
ct
s  o
f s
cie
n
ce
 
 
an
d 
te
ch
no
lo
gy
 
 
on
 
 
so
cie
ty
 
 
in
 
 
te
rm
s  
o
f s
ci
en
ce
 
 
re
la
te
d 
oc
cu
pa
tio
n
s  
an
d 
ch
an
ge
s  
in
 
 
cu
ltu
ra
l 
an
d
 lei
su
re
 
 
ac
tiv
iti
es
.  
 
-
 
 
kn
ow
 
 
po
ss
ib
le
 
 
ca
us
es
,  e
n
vir
on
m
en
ta
l e
ffe
ct
s,  
po
ss
ib
le
 
 
tr
ea
tm
en
ts
 
 
an
d 
av
oi
da
n
ce
 
 
of
 n
on
-c
om
m
u
ni
ca
bl
e  d
ise
as
es
 
 
e.
g.
 
 
ca
rd
io
-
va
sc
u
lar
,  c
an
ce
rs
,  r
es
pi
ra
to
ry
.  
-
 
 
di
sc
us
s  
pr
ob
lem
s  
of
 dr
ug
 
 
ab
us
e,
 
 
al
co
ho
l,  
to
ba
cc
o  a
n
d
 'ha
rd
'
 dr
ug
s  
e.
g.
 
 
co
ca
in
e  a
n
d 
he
ro
in
.  
-
 
 
re
vi
ew
 
 
IS
C
 12
4 a
n
d  
di
sti
ng
u
ish
 b
etw
ee
n
 
 
ba
ct
er
ia
,  v
iru
se
s  
an
d
 fu
n
gu
se
s;
 
 
ex
am
pl
es
 
 
of
 di
se
a
se
s  
ca
u
se
d
 by
 
 
ea
ch
;  t
he
 
 
re
sp
on
se
 
 
of
 ba
cte
ria
 
 
to
 
 
an
tib
io
tic
s.  
-
 
 
di
sti
ng
u
ish
 be
tw
ee
n
 
 
m
et
ho
ds
 
 
of
 d
ise
as
e  t
ra
ns
m
iss
io
n
,  w
ith
 ex
am
pl
es
:  
air
-b
or
n
e:
 
 
flu
,  T
.B
.  e
tc
.;  
w
at
er
-b
or
n
e:
 
 
ch
ol
er
a.
 
 
ty
ph
oid
,  in
te
sti
na
l i
nf
ec
tio
n
s;
 
 
fo
od
-b
or
n
e:
 
 
in
te
sti
na
l i
nf
ec
tio
n
s;
 
 
v
ec
to
r-
bo
rn
e:
 
 
m
al
ar
ia
,  s
lee
pi
ng
 
 
sic
kn
es
s;  
co
n
ta
ct
 
 
AI
DS
 (in
clu
di
ng
 
 
ris
ks
 
 
bl
oo
d  
tr
an
sfu
sio
n
),  g
on
or
rh
oe
a,
 
 
sy
ph
ili
s.  
-
un
de
rs
ta
n
d t
he
 
 
ba
sis
 
 
o
f i
nn
at
e  a
n
d  
ac
qu
ire
d
 im
m
un
ity
;  v
ac
cin
ati
on
.  
-
 
 
kn
ow
 
 
th
e  s
ch
ed
ul
e  o
f a
cti
ve
 
 
im
m
un
isa
tio
n
 
 
in
 
 
Ni
ge
ria
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  m
ec
ha
n
ism
 
 
of
 im
m
un
e  
re
sp
on
se
.  
-
 
 
u
n
de
rs
ta
n
d 
th
e  b
ia
s  o
f a
nt
ise
ps
is  
an
d
 di
sin
fe
cti
on
.  
-
 
 
di
sc
us
s  
pr
ev
en
tiv
e  m
ed
ici
ne
,  i
nc
lu
di
ng
 
 
co
n
tr
ol
 of
 co
n
tr
ol 
of
 ve
ct
or
s.
 
 
-
kn
ow
 
 
th
e  d
et
ail
s  o
f O
RT
.  
 
-
 
 
di
sc
u
ss
 
 
ca
u
se
s  
an
d 
ef
fe
ct
s  o
f r
ele
as
e
 
 
in
to
 
 
th
e  a
tm
os
ph
er
e  
of
 ca
rb
on
 
 
di
ox
id
e,  
su
lp
hu
r  
di
ox
id
e  a
n
d  
lea
d 
co
m
po
u
n
ds
;  t
he
 
 
gr
ee
nh
ou
se
 
 
ef
fe
ct
 
 
m
ea
n
s  
o
f c
on
tro
lli
ng
 
 
su
ch
 em
iss
io
n
s.
 
 
-
 
 
kn
ow
 
 
th
e  e
ffe
ct
s  o
f a
cid
 
 
ra
in
 
 
an
d
 fo
rm
at
io
n
 
 
fr
om
 
 
bu
rn
in
g  f
ue
ls  
an
d
 fr
om
 
 
ch
em
ica
l (i
.e.
 
 
fe
rti
lis
er
)  p
lan
ts
.  
-
 
 
u
n
de
rs
ta
n
d
 ho
w
 
 
liv
in
g  o
rg
an
ism
s  
ca
n
 
 
ac
t  a
s  
in
di
ca
to
rs
 
 
of
 p
ol
lu
tio
n
.  
-
 
 
ap
pr
ec
ia
te
 
 
th
e  p
os
sib
le
 
 
co
n
tri
bu
tio
n
 
 
o
f n
atu
ra
l a
n
d 
ag
ric
ul
tu
ra
l c
ro
pp
in
g  t
o  
cu
rr
en
t  e
n
er
gy
 
 
n
ee
ds
:  b
io
m
as
s  
as
 
 
an
 
 
en
er
gy
 
 
so
ur
ce
.  
	
 
-
 
 
di
sc
us
s  
th
e  u
se
 
 
of
 ch
em
ica
ls  
as
 
 
fe
rti
lis
er
s  
an
d 
pe
sti
cid
es
,  a
dv
an
ta
ge
s  
an
d
 dis
ad
va
n
ta
ge
s;
 
 
;  c
o
st
,  d
ep
en
de
n
ce
,  p
ol
lu
tio
n
 
 
da
n
ge
rs
,  r
un
of
f t
o  w
at
er
 
 
su
pp
lie
s;  
pr
ac
tic
ab
ili
ty
 
 
of
 bi
ol
og
ica
l c
on
tr
ol
 o
f p
es
ts
.  
-
 
 
su
rv
ey
 
 
cr
op
 
 
im
pr
ov
em
en
t  m
eth
od
s,  
se
ed
 p
ro
du
ct
io
n
 
 
an
d
 hy
br
id
 
 
se
ed
s,  
se
ed
 st
or
ag
e
 
 
an
d  
v
iab
ili
ty
;  d
ise
a
se
 
 
re
sis
ta
n
t  s
tra
in
s;  
se
le
ct
iv
e  b
re
ed
in
g  a
n
d  
po
ss
ib
ili
tie
s  o
f g
en
eti
c  e
n
gi
ne
er
in
g,  
ar
tif
ici
al
 in
se
m
in
ati
on
,  e
m
br
yo
 
 
tr
an
sp
lan
ts
.  
 
kn
ow
 
 
ab
ou
t  t
he
 
 
ef
fe
ct
s  o
f p
ol
lu
tio
n
 
 
by
 
 
fe
rti
lis
er
s,
 
 
se
w
ag
e,
 
 
o
il,
 
 
o
th
er
 
 
or
ga
n
ic
 
 
w
as
te
s  a
n
d
 he
av
y  
m
et
al.
 
 
-
 
 
ap
pr
ec
ia
te
 
 
th
e  p
ot
en
tia
l a
n
d  
re
al
 c
on
se
qu
en
ce
s  
o
f p
o
llu
tio
n  
on
 
 
fo
od
 
 
ch
ain
s.  
-
 
 
kn
ow
 
 
so
m
e  
m
et
ho
ds
 
 
of
 tr
ea
tm
en
t  o
f s
ew
ag
e
 
 
an
d  
ot
he
r  
co
n
tr
ols
 
 
on
 
 
po
llu
tio
n
;  m
et
ho
ds
 
 
of
 d
isp
er
sa
l o
f o
il 
sli
ck
s.  
-
 
 
kn
ow
 
 
ab
ou
t  m
et
ho
ds
 
 
fo
r  
th
e  m
on
ito
rin
g  o
f w
at
er
 
 
qu
al
ity
 
 
e.
g.
 
 
di
ss
o
lv
ed
 
 
ox
yg
en
,  B
O
D.
 
 
Sy
n
th
eti
c  m
ac
ro
-
m
o le
cu
le
s.  
So
cio
-p
ol
iti
ca
l 
as
pe
ct
s  o
f s
ci
en
ce
 
 
an
d 
te
ch
no
lo
gy
.  
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G
lob
al
 
Ec
ol
og
y.
 
 
(Y
E
A
R
 3
)  
00 
n.0 
M 
-
 
 
ex
pl
ain
 
 
th
e  i
m
po
rt
an
ce
 
 
of
 en
v
iro
n
m
en
ta
l s
an
ita
tio
n
.  
-
 
 
di
sc
u
ss
 
 
br
ief
ly
 
 
so
m
e  
pr
ob
le
m
s  o
f r
ef
us
e  
di
sp
o
sa
l a
n
d 
sta
te
 
 
th
e  a
dv
an
ta
ge
s  
of
 u
sin
g  b
io
de
gr
ad
ab
le
 
 
m
at
er
ial
s.  
 
-
 
 
ex
pl
ain
 
 
th
e  c
on
ce
pt
 
 
of
 su
cc
es
sio
n
.  
-
de
sc
rib
e  t
he
 
 
un
de
rly
in
g  
fe
atu
re
s  
o
f s
u
cc
es
sio
n
:  e
co
lo
gi
ca
l d
om
in
an
ce
,  p
ro
du
cti
vi
ty
 
 
an
d
 bi
om
as
s.
 
 
-
 
 
u
n
de
rs
ta
n
d 
th
e  c
on
ce
pt
 
 
o
f o
rg
an
ic
 
 
ev
o
lu
tio
n
.  
-
 
 
be
 
 
aw
ar
e  
o
f t
he
 
 
ev
id
en
ce
 
 
fo
r  
ev
o
lu
tio
n
.  
-
un
de
rs
ta
nd
 th
e  m
ec
ha
ni
sm
 
 
o
f e
vo
lu
tio
n
.  
-
 
 
kn
o
w
 
 
th
e  m
ajo
r  
st
ep
s
 
 
in
 
 
D
ar
w
in
's
 
 
th
eo
ry
 
 
o
f e
vo
lu
tio
n
 
 
th
ro
u
gh
 n
atu
ra
l s
el
ec
tio
n
.  
-
 
 
u
n
de
rs
ta
n
d 
m
ut
at
io
n
al
 ch
an
ge
s  
as
 
 
ca
u
se
s  
o
f e
vo
lu
tio
n
.  
-
 
 
be
 
 
aw
ar
e  
o
f p
re
se
n
t  e
v
ol
ut
io
n
ar
y  
tre
n
ds
.  
-
 
 
un
de
rs
ta
n
d 
th
e  r
o
le
 
 
of
 fo
ss
il 
ev
id
en
ce
 
 
in
  o
u
r  
u
n
de
rst
an
di
ng
 
 
o
f h
um
an
 
 
ev
o
lu
tio
n
.  
 
-
 
 
un
de
rs
ta
n
d 
th
e  e
ffe
cts
 
 
o
f b
irt
h 
ra
te
,  m
or
ta
lit
y,
 
 
im
m
ig
ra
tio
n
 
 
an
d  
em
ig
ra
tio
n
;  s
ur
v
iv
or
sh
ip
 
 
cu
rv
es
 
 
an
d 
gr
ow
th
 cu
rv
es
.  
-
 
 
un
de
rs
ta
n
d 
ag
e  
py
ra
m
id
s;  
se
x
 
 
ra
tio
s  a
n
d 
re
pr
od
uc
tiv
e
 
 
v
al
ue
s;
 
 
ef
fe
cts
 
 
of
 p
re
v
en
tiv
e  
m
ed
ic
in
es
;  c
ar
e
 
 
o
f t
he
 
 
in
fir
m
 
 
an
d  
eld
er
ly
.  
-
 
 
be
 
 
aw
ar
e  
o
f t
he
 
 
de
m
o
gr
ap
hi
c  t
ra
n
sit
io
n
 
 
fro
m
 
 
hi
gh
 to
 
 
lo
w
 
 
bi
rth
 ra
te
 
 
in
 
 
m
o
re
 
 
de
ve
lo
pe
d 
co
un
tri
es
 
 
as
 
 
co
m
pa
re
d 
wi
th
 le
ss
 
 
de
ve
lo
pe
d 
on
es
.  
	
 
-
 
 
di
sc
u
ss
 
 
th
e  i
m
po
rt
an
ce
 
 
of
 ho
us
in
g  
to
 
 
hu
m
an
 
 
be
in
gs
.  
-
 
 
di
sc
us
s  
th
e  i
m
po
rt
an
ce
 
 
of
 ch
oo
sin
g  g
o
o
d 
sit
es
 
 
fo
r  
ho
us
in
g.
 
 
-
 
 
id
en
tif
y  
su
ita
bl
e  b
ui
ld
in
g  m
at
er
ia
ls
 
 
fo
r  
a  
gi
ve
n
 
 
en
v
iro
nm
en
t,  
ta
ki
ng
 
 
ac
co
un
t  o
f c
os
t,  
st
re
n
gt
h,
 
 
du
ra
bi
lit
y,
 
 
w
o
rk
ab
ili
ty
 
 
an
d 
av
ai
lab
ili
ty
.  
-
 
 
ex
pl
ain
 
 
th
e  i
m
po
rt
an
ce
 
 
o
f p
ro
pe
r  
lig
ht
in
g  a
n
d  
v
en
til
at
io
n
.  
-
 
 
id
en
tif
y  
th
e  v
ar
io
us
 
 
ty
pe
s  
o
f t
oi
le
t  s
ys
te
m
s  
(pi
t,  
bu
ck
et
,  w
at
er
-s
ys
te
m
).  
-
 
 
di
sc
u
ss
 
 
th
e  p
ro
pe
r  
u
se
 
 
o
f t
oi
le
ts
. 	
 
K
no
w
 
 
an
d 
un
de
rs
ta
n
d 
th
e  b
as
ic
 
 
sc
ie
n
tif
ic
 
 
pr
in
ci
pl
es
 
 
in
vo
lv
ed
 in
 
 
th
e  d
es
ig
n
 
 
an
d
 fu
n
ct
io
n
in
g  o
f t
he
 
 
fo
llo
w
in
g  d
ev
ic
es
,  
sy
st
em
s  
an
d 
ph
en
om
en
a:
 
 
-
 
 
am
pl
ifi
er
s;
 
 
at
m
os
ph
er
ic
 
 
ph
en
om
en
a  
(w
hi
rlw
in
ds
,  t
or
n
ad
oe
s,  
m
ist
,  r
ai
n,
 
 
ha
il,
 
 
th
un
de
r,
 
 
lig
ht
ni
ng
);  b
rid
ge
s;
 
 
bu
ild
in
g  b
lo
ck
s  
(ce
m
en
t,  
m
u
d 
an
d 
br
ick
);  c
a
ss
et
te
 
 
re
co
rd
er
s  
(au
di
o  
an
d 
vi
de
o);
 
 
ci
ne
m
a  
pr
o
jec
to
rs
;  c
lin
ica
l t
he
rm
om
et
er
  (m
erc
ur
y,
 
 
el
ec
tro
ni
c  
an
d
 liq
u
id
 cr
ys
ta
l);
 
 
cl
oth
in
g;
 
 
co
m
pu
te
rs
;  c
o
ok
in
g  
po
ts
;  E
LC
B'
s;
 
 
el
ec
tr
ic
 
 
bu
lb
s  a
n
d
 flu
or
es
ce
n
t  t
ub
es
;  e
le
ctr
ic
 
 
co
ok
er
s;
 
 
el
ec
tri
c  k
et
tle
s;  
el
ec
tr
on
ic
 
 
ca
lc
ul
at
or
s;
 
 
en
gi
ne
s:  
pe
tro
l,  
di
es
el 
an
d 
jet
;  e
x
pl
os
iv
es
 
 
an
d 
pr
o
pe
lla
n
ts
;  f
lig
ht
  o
f b
ird
s  a
n
d
 in
se
ct
s;
 
 
fu
se
s  
an
d 
ea
rth
in
g  
sy
st
em
s;
 
 
ge
n
er
at
or
s;
 
 
im
m
er
si
on
 
 
he
a
te
rs
 
 
an
d 
th
er
m
o
st
at
s;
 
 
in
su
la
tio
n
 
 
an
d  
ve
n
til
at
io
n
 
 
in
 
 
ho
us
es
,  i
nc
lu
di
ng
 
 
ro
o
f d
es
ig
n
;  l
ab
or
at
or
y  
sc
al
es
;  m
icr
o
w
av
e  
o
v
en
s;
 
 
m
u
sic
al
 in
str
um
en
ts
;  p
re
ss
in
g  
iro
n
s;
 
 
pu
m
ps
 
 
an
d 
sip
ho
n
s;
 
 
re
fri
ge
ra
to
rs
,  
fre
ez
er
s  
an
d 
air
 
 
co
n
di
tio
n
er
s;
 
 
ph
ot
og
ra
ph
y;
 
 
ra
da
r;
 
 
ra
di
o;
 
 
sim
pl
e  t
or
ch
es
;  s
o
lar
  e
n
er
gy
 
 
in
clu
di
ng
 
 
co
lle
cti
on
 
 
an
d 
us
e
 
 
by
 
 
m
an
;  
st
ee
l r
ail
w
ay
 
 
lin
es
;  s
u
bm
ar
in
es
;  t
el
ep
ho
n
e  
sy
st
em
s;
 
 
te
le
vi
sio
n
;  v
o
lc
an
o
es
 
 
an
d
 ho
t  s
pr
in
gs
;  w
in
d 
an
d 
tid
e  e
n
er
gy
.  
W
as
te
 
 
di
sp
o
sa
l.  
Pl
an
t  s
uc
ce
ss
io
n
.  
Ev
o
lu
tio
n
.  
H
um
an
 
 
po
pu
la
tio
n
.  
H
ou
sin
g.
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SC
IE
NC
E 
A
ND
 SO
CI
ET
Y
.  
(Y
E
A
R
 3
)  
-
 
 
ex
pl
ain
 
 
th
e  m
ea
ni
ng
 
 
o
f e
nt
ha
lp
y  c
ha
n
ge
s  
du
rin
g  a
  r
ea
ct
io
n
.  
-
ex
pla
in
 
 
ex
ot
he
rm
ic
 
 
an
d 
en
do
the
rm
ic
 
 
re
ac
tio
n
s  
an
d t
he
ir  
re
lat
ion
 
 
to
 
 
th
e  s
ign
 
 
of
 AH
.  
-
 
 
ill
us
tra
te
 
 
H
es
s's
 
 
law
 
 
us
in
g  s
im
pl
e  e
xa
m
pl
es
 
 
e.
g.
 
 
fo
rm
at
io
n
 
 
of
 N
aC
1 o
r  
H
a.
 
 
-
 
 
ex
pl
ain
 
 
en
th
al
pi
es
 
 
of
 fo
rm
at
ion
s,
 
 
co
m
bu
sti
on
s  
an
d 
ne
ut
ra
lis
ati
on
s.
 
 
-
 
 
ex
pl
ain
 
 
en
th
alp
y  c
ha
n
ge
s  
in
 
 
te
rm
s  
of
 in
te
rn
al 
en
er
gy
.  
 
-
 
 
de
fin
e  
th
e  r
at
e  
of
 a  
re
ac
tio
n
.  
-
 
 
kn
ow
 
 
th
at  
fa
cto
rs
 
 
w
hi
ch
 in
flu
en
ce
 
 
th
e  r
at
e  
in
clu
de
 
 
co
nc
en
tra
tio
n
 
 
te
m
pe
ra
tu
re
,  l
ig
ht
  an
d c
ata
ly
st
s.
 
 
-
 
 
un
de
rs
ta
nd
 th
e  m
ea
ni
ng
 
 
o
f o
rd
er  
of
 re
ac
tio
n  (
di
sti
ng
u
ish
ed
 fro
m
 
 
m
ol
ec
ul
ar
ity
).  
-
 
 
ex
pl
ain
 
 
en
er
gy
 
 
of
 ac
tiv
at
io
n
 
 
in
 
 
qu
ali
tat
ive
 
 
te
rm
s.  
-
gi
ve
 
 
ex
am
pl
es
 
 
of
 ph
ot
oc
he
m
ica
l r
ea
cti
on
s  
su
ch
 as
 
 
ch
lo
rin
e  w
ith
 hy
dr
og
en
;  p
ho
to
sy
nt
he
sis
;  a
pp
re
cia
te
 
 
th
at
 
 
th
e  m
ec
ha
n
ism
 
 
o
f p
ho
to
sy
nt
he
sis
 
 
is  
st
ill
 no
t  f
ul
ly
 
 
un
de
rst
oo
d.
 
 
 
-
 
 
un
de
rs
ta
nd
 ca
ta
ly
st
s  a
s  
su
bs
ta
n
ce
s  
w
hi
ch
 ch
an
ge
 
 
th
e  r
at
e  
o
f r
ea
cti
on
.  
-
 
 
di
sti
ng
ui
sh
 th
e  a
ct
io
n  o
f h
om
og
en
eo
us
 
 
an
d
 he
te
ro
ge
n
eo
us
 
 
ca
ta
ly
st
s.
 
 
-
 
 
ex
pl
ain
 
 
on
 
 
ge
n
er
al 
ter
m
s  
th
e  i
m
po
rta
n
ce
 
 
of
 en
zy
m
es
 
 
as
 
 
ca
ta
ly
st
s  i
n  b
iol
og
ica
l p
ro
ce
ss
es
.  
-
 
 
de
sc
rib
e  t
he
 
 
ef
fe
ct  
of
 th
e  a
ct
ivi
ty
 
 
of
 en
zy
m
es
 
 
of
 ye
as
t  i
n  b
re
wi
ng
 
 
w
in
e  m
ak
in
g  a
nd
 th
e  r
isi
ng
 
 
o
f b
re
ad
.  
-
 
 
in
ve
st
ig
at
es
 
 
th
e  e
ffe
ct  
of
 he
at
 
 
on
 
 
th
e  a
ct
iv
ity
 
 
o
f e
n
zy
m
es
.  
 
-
 
 
un
de
rs
ta
nd
 th
at
 
 
ch
em
ica
l e
qu
ili
br
iu
m
 
 
is  
dy
na
m
ic.
 
 
-
 
 
be
 
 
aw
ar
e  
of
 th
e  f
ac
to
rs
 
 
w
hi
ch
 af
fe
ct  
th
e  p
o
sit
io
n  
of
 eq
ui
lib
riu
m
 
 
(te
m
pe
ra
tu
re
,  p
re
ss
ur
e  
an
d 
co
nc
en
tra
tio
n
).  
-
kn
ow
 
 
ho
w
 
 
to
 
 
fin
d t
he
 
 
eq
ui
lib
riu
m
 
 
co
n
sta
n
t  o
f a
 
 
re
ac
tio
n  
gi
ve
n
 
 
th
e  c
on
ce
nt
ra
tio
n  
of
 th
e  r
ea
ct
an
ts
 
 
an
d 
pr
od
uc
ts
;  d
ist
in
gu
ish
 
be
tw
ee
n
 
 
K
e  a
n
d
 Kp
.
 
 
-
 
 
ap
pl
y  L
e  C
ha
te
lie
r'
s  
pr
in
cip
le  
to
 
 
in
du
st
ria
l p
ro
ce
ss
es
 
 
e.
g.
 
 
H
ab
er
  sy
n
th
es
is  
of
 A
m
m
on
ia  
an
d  t
he
 
 
co
nt
ac
t  p
ro
ce
ss
 
 
fo
r  
su
lp
hu
ric
 
 
ac
id
.  
 
-
 
 
id
en
tif
y  c
om
m
on
 
 
m
at
er
ial
s  a
s  
ac
id
ic  
or
  ba
sic
 
 
u
sin
g  u
n
ive
rs
al 
an
d/
or
  o
th
er
  s
ui
tab
le  
in
dic
ato
rs
.  
-
 
 
de
sc
rib
e  t
he
 
 
ef
fec
t  o
f a
dd
in
g  a
n  
ac
id
 
 
to
 
 
a  
ba
se
.  
-
 
 
ex
pl
ain
 
 
th
e  m
ea
n
in
g  o
f t
he
 
 
te
rm
s  
ne
u
tra
lis
ati
on
 
 
an
d 
sa
lt.
 
 
-
de
sc
rib
e  t
he
 
 
u
se
 
 
o
f t
he
 
 
pH
 sc
ale
 
 
as
 
 
a  
m
ea
su
re
 
 
of
 ac
id
ity
 
 
or
  a
lk
ali
ni
ty
.  
-
ex
pla
in
 
 
th
e  c
on
ce
pt
 
 
of
 pH
 in
 
 
te
rm
s  
of
 hy
dr
og
en
 
 
ion
 
 
co
nc
en
tra
tio
n
 
 
(pH
 =
 
 
-
 
 
In
[H
+
]  ).
 
 
-
 
 
de
te
rm
in
e  t
he
 
 
pH
 of
 co
m
m
on
 
 
so
lu
tio
n
s  
us
in
g  i
nd
ica
to
rs
 
 
an
d 
pH
 m
et
er
s.
 
 
-
 
 
kn
ow
 
 
th
at  
w
at
er
  is
 
 
sli
gh
tly
 
 
io
ni
se
d a
nd
 th
e  i
m
po
rta
n
ce
 
 
o
f t
he
 
 
di
ss
oc
iat
ion
 
 
co
n
sta
n
t  K
w
 
 
=
10
-
14
.
 
-
 
 
re
la
te
 
 
H
 an
d 
pO
H
 v
alu
es
 
 
to
 
 
th
e  a
dd
iti
on
 
 
or
  r
em
o
va
l o
f h
yd
ro
ge
n  
io
n
s.
 
 
-
 
 
ex
pl
ain
 
 
ac
id
ity
 
 
in
 
 
te
rm
s  
of
 th
e  B
ro
n
st
ed
 
 
Lo
wr
y  t
he
or
y.
 
 
-
 
 
ex
pl
ain
 
 
th
e  n
at
ur
e  
of
 st
ro
n
g  a
nd
 
 
w
ea
k 
ac
id
s  a
n
d  b
as
es
 
 
in
 
 
te
rm
s  
o
f d
iss
o
cia
tio
n
 
 
in
 
 
so
lu
tio
n
;  g
ive
 
 
ex
am
pl
es
 
 
of
 ea
ch
 ty
pe
.  
-
 
 
di
sti
ng
ui
sh
 be
tw
ee
n
 
 
ac
id
ic,
 
 
ba
sic
 
 
an
d n
eu
tra
l s
alt
s;  
gi
ve
 
 
ex
am
pl
es
 
 
of
 ea
ch
 ki
nd
 an
d 
re
lat
e  
th
eir
 
 
H
 to
 
 
hy
dr
oly
sis
 
 
an
d t
he
 
 
st
re
ng
th
 o
f t
he
ir  
pa
re
nt
 
 
ac
id
s  a
nd
 ba
se
s.
 
 
En
er
gy
 
 
of
 re
ac
tio
n
s  
K
in
e ti
cs
.  
co; 
a.) 
N 
= 
a 
a 
= 
= 
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i 
n 
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.  
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)  
0 
l"-- M 
-
 
 
ex
pl
ain
 
 
ox
id
ati
on
 
 
an
d  r
ed
uc
tio
n  
in
 
 
te
rm
s  
of
 in
cr
ea
se
 
 
an
d
 de
cr
ea
se
 
 
in
 
 
ox
id
ati
on
 
 
st
at
es
 
 
by
 
 
lo
ss
 
 
an
d g
ain
 
 
of
 el
ec
tro
n
s.
 
 
-
 
 
in
ve
sti
ga
te
 
 
sim
ple
 
 
re
do
x  s
ys
te
m
s  
an
d
 de
te
rm
in
e  h
alf
-c
ell
 re
ac
tio
n
.  
-
 
 
w
rit
e  e
qu
at
ion
s  
fo
r  
ha
lf-
ce
ll 
re
ac
tio
n
.  
 
-
 
 
de
fin
e  g
en
er
all
y:
 
 
fo
rc
e  
fie
ld
s  a
n
d
 in
ve
rs
e  
sq
ua
re
 
 
law
.  
-
 
 
ap
pl
y  t
o  
m
ag
n
et
ic
,  e
lec
tri
c  a
nd
 gr
av
ita
tio
na
l f
iel
ds
.  
-
 
 
un
de
rs
ta
n
d t
he
 
 
ap
pl
ica
tio
n  o
f f
or
ce
 
 
fie
ld
s  t
o  
th
e  t
ele
vi
sio
n  
tu
be
,  m
an
 
 
m
ad
e  s
at
ell
ite
s,  
n
at
ur
al 
sa
te
lli
tes
 
 
(e.
g.
 
 
th
e  m
oo
n
)  a
n
d 
th
e  s
ol
ar
  s
ys
te
m
. 	
 
-
id
en
tif
y  t
yp
es
 
 
of
 w
av
es
,  lo
n
gi
tud
in
al 
an
d t
ran
sv
er
se
,  w
ith
 ex
am
ple
s.  
-
 
 
un
de
rs
ta
n
d 
po
lar
isa
tio
n
 
 
of
 tr
an
sv
er
se
 
 
w
av
es
 
 
e.
g.
 
 
ra
di
o  w
av
es
,  li
gh
t.  
-
 
 
kn
ow
 
 
th
e  r
ela
tio
n
sh
ip
 
 
be
tw
ee
n
 
 
ve
lo
cit
y,
 
 
fre
qu
en
cy
 
 
an
d w
av
e  
len
gt
h:
 
 
th
e  e
qu
at
io
n
 
 
V 
=  
IA
,.  a
pp
lie
d 
to
 
 
v
ib
ra
tin
g  a
ir  
co
lum
n
s,
 
 
ra
di
o  a
er
ial
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APPENDIX I 
UNIVERSITY OF JOS INTEGRA MD SCIENCE PROGRAMME 
TO IMPROVE THE QUALITY OF JSS INTEGRATED SCIENCE 
TEACHERS IN NIGERIAN SCHOOLS. 
ABSTRACT 
Since the inception of the 6-3-3-4 system there has been a lack of truly Integrated Science specialists to 
teach the programme in schools. Single subject specialists have probably tried being assigned to schools to 
implement the programme. Numerous problems and challenges in aspects such as concept of integration, 
course structure and scope, attitudes to the programme and resources for teaching course topics have made 
the implementation of the JSS programme ineffective and the course objectives unattained. This paper 
presents the University of Jos efforts, programme and course structure for BSC Integrated Science 
education; concluding with views of the progress, effects, performances and attitudes of Integrated Science 
students and the challenges the lecturers of the programme have. 
DEPARTMENT OF CURRICULUM STUDIES 
FACULTY OF EDUCATION 
UNIVERSITY OF JOS 
JOS, NIGERIA. 
(1991) 
Introduction 
A B.Sc (Educ). Integrated Science programme for the production of Teachers for the Junior 
Secondary Schools (JSS Level) is a crucial issue. 
There is no doubt the 6-3-3-4 system would suffer much set-back if deliberate and concerted 
efforts are not geared towards production of the needed professional power in both quantity and quality to 
effectively implement it. 
One major area of need and challenge is the Integrated Science courses for the pre-primary, 
primary and junior secondary school levels. 
The University of Jos Faculties of Education, Natural Sciences and Geography departments have 
evolved a new programme for training professional Integrated Science teachers for the J.S.S. level. 
Typical in this programme is the new introduction of earth and other geo-science elements into the 
curriculum. A unique approach of attaining integration has been evolved to ensure (1) beneficiaries of the 
programme acquire basic concepts, introductory to major higher sciences and not just Biology, Chemistry 
and Physics - (the so-called basic Sciences); (2) basic knowledge of nature and environment, for the simple 
understanding of nature and basic skills for understanding and solving of simple problems. More innovative 
programmes for the production of Trained, Professional Teachers are necessary for the effective 
implementation of the 6-3-3-4 programmes. 
The 6-3-3-4 education system has introduced a new structure and culture into the nation's 
education programmes. Along with this innovation is the new orientation of introducing the child to basic 
sciences and developing basic cognitive, affective and manipulative skills in the child early enough to:- 
1 	 facilitate later (higher) science learning at the secondary and tertiary school levels, and 
2 	 develop some science literacy for living meaningfully and safely in our 20th and even 21st century 
civilization and in the use of modern technology. 
THE B.SC. (EDI JCATION) INTEGRATED SCIENCE PROGRAMME 
1 	 RATIONAL .E 
Since the inception of the new policy of Education, the 6-3-3-4 system has ushered in a 
new need and emphasis of establishing a firm or sound science foundation for promoting 
specialization in science disciplines, for technological output and scientific literacy towards 
enlightened citizenry. Through this system, the child is progressively exposed to science concepts, 
ideas and principles before he is encouraged to specialize in a science discipline or profession of 
his choice and capability. 
Before this new innovation and orientation, there had been provision for education, 
training and professionalism in the various disciplines only. Emphasis of school curricula had been 
disciplinary (disciplines emphasis). In response to the call to introduce sciences and develop good 
science foundation in children, science teachers have only managed the course Integrated Science. 
There have not been trained teachers in Integrated Science education to handle effectively the 
Integrated Science course in the Junior Secondary Schools and the Primary Schools of the 6-3-3-4 
system. 
With the challenge of the new policy and the Integrated Science Foundation need, the 
Faculty of Education has taken up the challenge to contribute towards development of the needed 
manpower for the teaching of Integrated Science at Primary and Junior Secondary School levels. 
The need to train professionals for the teaching of Integrated Science has been also felt and 
expressed by the Science Teachers Association of Nigeria (STAN) and the challenge has been 
taken up by a few other Universities such as Ahmadu Bello University, Zaria, which had been 
preparing to develop and commence a B.Ed Integrated Science Exams from the 1988/89 session. 
The B.Sc (Education) Integrated Science degree programme is part of the Faculty of 
Education response and efforts towards self-sufficiency as urged by the University of Jos. 
COURSE STRI JCT1 IRE 
The curriculum and teaching syllabus have been drawn from a careful consideration of 
the syllabi of all the departments of science and environmental sciences of University of Jos, 
namely; BOTANY, ZOOLOGY, CHEMISTRY, PHYSICS, GEOGRAPHY, GEOLOGY AND 
MINING, MATHEMATICS, REMEDIAL SCIENCE STUDIES and also the FME approved 
Grade II and JSS Integrated Science syllabi, NCE Integrated Science syllabus of College of 
Education, Gindiri and A.B.U. Zaria BEd Integrated Science course topics proposal. 
Since no Integrated Science Degree Syllabus/Curriculum was available for adoption, the 
science staff of the Faculties of Education and Natural Sciences of the University of Jos took up 
the challenge and evolved the appended curriculum and teaching syllabus from the university 
approved science courses, the STAN Integrated Science programmes and syllabus using Professor 
T. Bajah's modular approach for the structuring and course organization. 
The Institute of Education University of Jos offers the Integrated Science certificate 
(ACE), Diploma and NCE. 
The evolved Integrated Science degree programme is not a mere amalgamation of courses 
from these disciplines and sources but 
1 
	
	
a careful selection and determination of concepts, ideas, themes, skills and attitudes that 
are interrelative in the basic science disciplines as well as applicative for interdisciplinary 
understanding, nature study and solution of problems. The subsequently derived courses 
are coded Integrated Science (Int. Sc.) courses as selected concepts, ideas etc., commonly 
occurring and used in the various science disciplines. The courses are intended to be 
taught by the cooperative science specialists' efforts and incorporated seminars for 
discussing the inter-relativeness of the ideas and their applications in problem-solving. 
2 
	
	
a carefully selected set of ideas, concepts and principles that are basic vital information 
and foundations for higher sciences and scientific professions. These course reflect the 
basic vital knowledges of life part of nature as exemplified in Botany and Zoology 
courses; matter or non-living component of nature as exemplified in chemistry, 
Geography, Geosciences and Physics, the physical factors of forces influencing life and 
matter as matter and energy exemplified in physics, Geography and Chemistry. These 
375 
courses are termed INT. BIO., CHEM., PHY., MATH., GEO., GLY., courses. These 
courses are supposed to be taught by specialists drawn from the various science 
disciplines. 
3 	 It was decided that the course structure will take two facets: 
(a) An integrated approach aimed at reflecting science as unity but as also several 
alternatives to problem-solving. 
The approach taken was thematic based on important science themes or ideas but looked at from 
the different science disciplines such as classification in science, cycles in the various science 
disciplines. 
(b) The second facet aimed at presenting the pure content (concepts) of science so 
that the teachers would acquire knowledge on the content of science and the method of 
teaching the Integrated Science courses. 
INTEGRATED SCIENCE METHODOLOGY I AND II OBJECTIVES  
This course is offered in two long vacations (vacations I and II) as Int. Sc. Methods I and II with 
the following objectives:- 
1 
	
Self preparation of neophyte teachers for the effective planning, organization, management, and 
teaching of Integrated Science concepts. 
2 	 Methods (principle and skills of presenting science as a unity). 
3 	 Understanding of biological, chemistry, physical principles in their interrelative nature. 
4 	 Developing basic knowledge and understanding of fundamentals of science (skills/Processes). 
5 	 Presenting sciences as approaches to problem-solving and the alternatives inherent in each science 
discipline. 
6 	 Laying sound foundation for further science and science applications. 
7 	 Training of the needed manpower for the affective teaching and learning of the Integrated Science 
programme and for teaching/learning of science topics. 
8 	 Materials development, selection; improvisations and evaluation of learners' science programme. 
9 	 Consideration and discussion of science issues and challenges. 
10 	 Promoting thinking and applications of science to life. 
376 
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Establishing philosophy of Int. Sc.:- 
Description of Integrated Science. Concept and the aims and objectives of integration. Scope and 
levels of integration. Problems and prospects of integration of sciences. Scientific method and 
procedure. Rationale for Int. Sc. teaching and learning; the hit. Sc. Curriculum and Syllabus for 
primary and JSS levels, Science classroom teaching techniques. Teaching syllabus, scheme of 
work and lesson preparation techniques; Evaluation techniques in science, the school science 
laboratory; other Facilities' resources for science teaching; use and application of instructional 
materials. 
Innovations, Issues of Integrated Science Programmes. 
EX334IST-SC-MEMQDSU2Sd 
A follow-up of the EDC 234 aimed at self preparation of the prospective teacher through practical 
experiences and discussions for proper planning, organisation and management of hit. Sc. lessons 
and classes as well as wise selection of procedures and materials for teaching. This course will 
lead to not less than 6 weeks teaching practice. Emphasis area in giving professional training to the 
prospective teacher include:- consideration of psychological findings and the teacher, comparisons 
of methods, Teaching/learning of difficult controversial Integrated Science topics, practical 
improvisation, classroom interaction, language and effective communication in science, more 
teaching/leaming preparations of the prospective teacher, the Integrated Science laboratory; 
seminar on Issues and problems of Integrated Science teaching. 
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ies
 
 
of
 ov
er
co
m
in
g  s
tu
de
nt
s'
 lan
gu
ag
e  
an
d c
om
m
un
ica
tio
n
 
 
pr
ob
lem
s  
in
 
 
sc
ien
ce
.  T
ea
ch
er
-p
u
pil
 ef
fec
tiv
e  
in
te
ra
ct
io
n
 
 
in
 
 
sc
ien
ce
 
 
les
so
n
s.
 
 
Te
ch
ni
qu
es
 
 
of
 ap
pr
ais
in
g  a
nd
 de
te
rm
ini
ng
 
 
re
ad
ab
ili
ty
 
 
of
 sc
ien
ce
 
 
te
x
ts
.  L
an
gu
ag
e  
di
ffi
cu
lti
es
 
 
an
d n
om
en
cla
tu
ra
l p
ro
ce
du
re
s  
in
 
 
sc
ien
ce
.  T
ec
hn
iqu
es
 
 
of
 te
ac
hi
ng
/le
ar
ni
ng
 
 
sc
ien
tif
ic  
te
rm
in
olo
gi
es
.  
 
A
da
pti
ve
 
 
ra
di
ati
on
s  
in
 
 
an
im
als
 
 
an
d 
pla
nt
s.  
Fa
cto
rs
 
 
in
flu
en
cin
g  v
ar
ia
tio
n
s.
 
 
D
ev
elo
pm
en
t  o
f a
da
pt
at
io
n
s  
in
 
 
an
im
als
.  
Si
gn
ifi
ca
n
ce
 
 
of
 ad
ap
tiv
e  f
ea
tu
re
s.
 
 
Ch
ara
ct
er
ist
ic
 
 
fe
atu
re
s  
of
 m
att
er
 
 
an
d v
ari
ati
on
s.
 
 
Be
ha
vi
ou
r  
of
 m
att
er
.  a
to
m
s;
 
 
ele
ctr
on
s,
 
 
et
c.
 
 
Va
ria
tio
n
s  
in
 
 
fo
rm
s  
of
 en
er
gy
.  V
ar
iat
io
n
s  
in
 
 
ge
og
ra
ph
ica
l f
ac
to
rs
 
 
an
d
 in
flu
en
ce
 
 
on
 
 
va
ria
tio
n
s  
an
d 
ad
ap
ta
tio
n
s  
of
 or
ga
ni
sm
s
 
 
an
d 
ph
en
om
en
a.
 
 
Ch
ar
ac
te
ris
tic
 
 
fea
tu
re
s  
on
 
 
va
rio
us
 
 
fo
rm
s  
of
 ad
ap
ta
tio
ns
.  G
en
er
al 
re
lat
ion
sh
ip
s  
of
 fo
rm
/st
ru
ct
ur
e  
to
 
 
ad
ap
ta
tio
n
s.
 
 
 
Th
e  f
lu
vi
al 
sy
st
em
 
 
-
 
 
th
e  c
ha
ra
ct
er
ist
ics
 
 
o
f a
 
 
vi
ew
 
 
ch
an
n
el 
ch
an
gi
ng
 
 
as
 
 
co
nd
iti
on
s  
go
ve
rn
in
g  
flu
vi
al 
m
or
ph
olo
gy
 
 
ch
an
ge
,  e
.g
.  w
at
er
  s
up
pl
y  a
n
d  s
ed
im
en
ta
tio
n
 
 
u
ps
tre
am
,  u
nd
er
lyi
ng
 
 
riv
er
,  m
at
er
ial
s  a
nd
 ge
o
m
or
ph
ic  
se
tti
ng
.  
Bi
og
eo
gr
ap
hi
ca
l v
ar
iat
ion
s  
in
 
 
ph
ys
ica
l e
n
vi
ro
n
m
en
ta
l f
ac
to
rs
 
 
on
 
 
pl
an
ts
 
 
an
d a
n
im
als
 
 
an
d t
he
 
 
ad
ap
ta
tio
n
s  
to
 
 
su
ch
 
va
ria
tio
n
s.
 
 
Cl
im
ati
c  f
ac
to
rs
 
 
an
d v
ar
iat
ion
s  
of
 ph
ys
ica
l f
ac
to
rs
.  
 
Co
n
so
lid
ati
on
 
 
of
 m
ag
m
a  
in
 
 
re
lat
ion
 
 
to
 
 
cr
ys
ta
lli
za
tio
n
.  R
ea
cti
on
 
 
pr
in
cip
le
 
 
an
d
 Bo
w
en
's
 
 
re
ac
tio
n
 
 
se
rie
s.
 
 
M
eta
m
or
ph
ism
 
 
an
d 
its
 
 
co
n
tro
lli
ng
 
 
fa
cto
rs
.  
 
Th
e  e
ar
th 
an
d 
the
 
 
So
lar
  S
ys
te
m
.  I
nt
er
na
l p
ro
ce
ss
es
 
 
in
 
 
th
e  b
od
y  o
f t
he
 
 
Ea
rth
,  i
.e.
 
 
in
te
rn
al
 he
at  
an
d
 fo
rm
at
io
n  
of
 
ig
ne
ou
s
 
 
ro
ck
s.  
Ea
rth
's
 
 
m
ag
n
et
ism
 
 
an
d 
gr
av
ity
.  S
ur
fa
ce
 
 
pr
o
ce
ss
es
 
 
on
 
 
th
e  s
ki
n  
of
 th
e  E
ar
th
 -  
W
ea
th
er
in
g,
 
 
o
f r
oc
ks
,  
fo
rm
at
ion
 
 
of
 so
ils
 
 
an
d s
ed
im
en
ts
.  T
yp
es
 
 
of
 ro
ck
s  a
nd
 th
e  r
oc
k
 Cy
cle
.  M
at
te
r  a
n
d 
en
er
gy
 
 
fro
m
 
 
th
e  E
ar
th
,  p
hy
sic
al 
pr
o
pe
rti
es
 
 
o
f m
in
era
ls  
an
d 
th
eir
 
 
re
lat
ion
sh
ip
 
 
to
 
 
cr
ys
ta
l c
he
m
ist
ry
.  B
on
di
ng
 
 
iso
m
or
ph
ism
 
 
po
ly
m
or
ph
ism
,  s
oi
l s
olu
tio
n  
et
c.
 
 
Cl
as
sif
ica
tio
n
 
 
of
 m
in
era
ls.
 
 
Ec
on
om
ic
 
 
re
so
ur
ce
s  
of
 th
e  E
ar
th,
 
 
N
ige
ria
n  
M
in
era
ls  
an
d 
us
es
.  
 
La
n
d  
fo
rm
s  
an
d  h
ow
 
 
th
ey
 
 
ev
ol
ve
;  t
he
 
 
m
ea
su
re
m
en
t  o
f c
lim
ati
c  e
lem
en
ts
 
 
an
d t
he
 
 
us
e  
of
 cl
im
ati
c  d
ata
;  t
he
 
 
re
lat
io
n
sh
ip
 
 
be
tw
ee
n
 
 
th
e  m
ajo
r  
ve
ge
ta
tio
n
 
 
zo
n
es
;  s
oi
l a
n
d 
cli
m
ate
 
 
or
ig
in
 
 
o
f l
ak
es
.  
G
en
er
al
 bi
ol
og
y  (
Ch
ara
ct
er
ist
ic  
fe
atu
re
s,
 
 
st
ru
ct
ur
es
 
 
an
d e
xa
m
pl
es
)  o
f p
ro
to
zo
a,
 
 
po
rif
er
s,
 
 
Co
ele
n
te
ra
ta
,  
Pl
aty
he
lm
in
the
s,  
Ne
m
at
od
a,  
M
ol
lu
sc
s,
 
 
An
ne
lid
a,  
Ar
ac
hn
id
a,  
Cr
us
ta
ce
a
,  M
yr
ia
po
da
,  I
ns
ec
ts
,  E
ch
in
od
erm
at
a  
an
d 
of
 
A
lg
ae
,  F
un
gi
,  L
ich
en
s.
 
 
1 
Ad
ap
tiv
e  
fea
tu
re
s  
of
 or
ga
n
ism
s  
Ad
ap
ta
tio
n
s  
in
 
 
Ge
og
ra
ph
y  
i 
I
 CO
M
M
 21
9 
LA
N
G
UA
G
E
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D
 
C
O
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V
A
R
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TI
O
NS
 AN
D
 
A
D
A
PT
A
T
IO
N
S 
G
LY
 21
7 
EA
R
TH
 
M
AT
ER
IA
L
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A
N
D
 
PR
O
C
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E
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IN
TR
O
D
U
CT
IO
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T
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Y
SI
CA
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G
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G
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Y
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2 
LI
FE
 I
I:
 
 
IN
V
ER
TE
BR
A
TE
S 
AN
D
 LO
W
ER
 
PL
A
N
T
S 
O 
00 
M 
In
tro
du
ct
ion
,  
di
str
ib
uti
on
,  m
or
ph
ol
og
y  a
n
d a
n
at
om
y  
o
f t
he
 
 
va
rio
us
 
 
di
vi
sio
n
s,
 
 
Bi
olo
gy
 
 
ga
m
et
es
.  G
ym
n
o
sp
er
m
s:
-
cla
ssi
fic
a ti
on
 
 
an
d
 fo
ssi
l g
ro
u
ps
.  S
tud
y  o
f m
or
ph
ol
og
y,
 
 
re
pr
od
uc
tio
n
 
 
of
 m
ajo
r  
gr
ou
ps
 
 
w
ith
 n
am
ed
 ex
am
pl
es
;  
de
ve
lo
pm
en
t  o
f S
ee
ds
.  
Ge
ne
ra
l m
or
ph
ol
og
y  o
f r
oo
t,  
st
em
,  l
ea
f,  
in
flo
re
sc
en
ce
s,
 
 
flo
we
rs
,  
fru
its
,  s
ee
ds
.  A
na
to
m
ica
l s
tru
ct
ur
es
 
 
o
f r
oo
t,  
st
em
,  
lea
f.  
Po
lli
na
tio
n
.  F
er
til
iz
ati
on
.  D
ev
elo
pm
en
ts
 
 
o
f e
m
br
yo
,  g
er
m
in
ati
on
 
 
an
d 
es
ta
bl
ish
m
en
t  o
f s
ee
dl
in
gs
.  1
0 
sel
ec
te
d 
fam
ili
es
 
 
of
 pl
an
ts
 
 
an
d 
ec
on
om
ic
 
 
im
po
rta
n
ce
.  
 
I T
ax
on
om
y,
 
 
ev
ol
ut
ion
 
 
an
d 
ge
n
er
al
 bi
ol
og
y  o
f p
ro
to
ch
or
da
te
s,  
fis
h,
 
 
am
ph
ib
ia,
 
 
re
pt
ile
s,  
bi
rd
s  a
nd
 
 
m
am
m
als
.  
 
Pe
rio
di
cit
y  o
f t
he
 
 
ele
m
en
ts
.  C
he
m
ist
ry
 
 
of
 hy
dr
og
en
.  
St
ud
y  o
f t
he
 
 
Gr
ou
p  I
 an
d
 Gr
ou
p  I
I m
eta
ls.
 
 
O
xid
es
,  h
yd
ro
xid
es
 
 
ha
lid
es
 
 
an
d a
qu
eo
us
 
 
ch
em
ist
ry
.  C
ha
ra
ct
er
ist
ics
 
 
of
 th
e  r
u
s t
 
 
ro
w
 
 
tra
ns
iti
on
 
 
m
et
als
:  o
xi
da
tio
n  
st
at
es
,  r
ed
ox
 
 
re
ac
tio
n
s  
an
d 
co
m
ple
xe
s,
 
 
ch
em
ist
ry
 
 
of
 iro
n  
an
d c
op
pe
r.
 
 
Ex
tra
ct
io
n
 
 
of
 m
et
als
 
 
fro
m
 
 
th
eir
 
 
or
es
.  S
tud
y  o
f t
he
 
 
Gr
ou
p  V
II 
ele
m
en
ts
 
 
an
d 
ba
sic
 
 
ch
em
ist
ry
 
 
of
 ni
tro
ge
n
,  p
ho
sp
ho
ro
us
,  o
x
yg
en
 
 
an
d s
ul
ph
ur
.  H
yd
rid
es
,  o
x
id
es
,  o
xo
-a
cid
s  a
n
d o
xo
an
io
n
s  
of
 th
e  n
on
-
m
et
all
ic
 
 
ele
m
en
ts
.  E
lem
en
ta
ry
 
 
qu
ali
tat
iv
e  a
nd
 
 
qu
an
tit
ati
ve
 
 
an
aly
sis
.  
 
Ba
sis
 
 
an
d 
ba
sic
 
 
pr
in
cip
le
s  o
f c
las
sif
ica
tio
n  
in  
Bi
ol
og
y,  
Ch
em
ist
ry
,  P
hy
sic
s,  
G
eo
gr
ap
hy
 
 
an
d
 Ge
ol
og
y  u
sin
g  e
x
am
pl
es
 
 
of
 so
lid
s,  
m
et
als
,  c
he
m
ica
ls,
 
 
el
em
en
ts
,  p
lan
ts
,  a
n
im
als
,  s
o
ils
 
 
an
d 
m
ine
ra
ls.
 
 
M
ajo
r  
sy
st
em
s  
an
d 
cla
sse
s  
of
 or
ga
n
ism
s  
an
d m
att
er
.  A
dv
an
ta
ge
s  
an
d  h
ier
ar
ch
y  o
f c
la
ssi
fic
ati
on
s.
 
 
Th
e  b
as
ic
 
 
sc
ien
tif
ic  
pr
in
cip
les
,  c
rit
eri
a  a
nd
 pr
oc
ed
ur
e  
em
pl
oy
ed
 in
 
 
ge
o
gr
ap
hi
c  c
las
sif
ica
tio
n
s  
w
ith
 th
e  b
as
ic  
ch
ar
ac
te
ris
tic
 
 
fea
tu
re
s  
of
 th
e  i
de
n
tif
ied
 an
d r
ec
og
ni
se
d 
cla
sse
s
 
 
w
ith
 ex
am
pl
es
,  o
f l
an
d
 fo
rm
,  r
ive
r  
ch
an
n
els
,  c
lim
ate
s,  
so
ils
 
 
an
d 
ve
ge
ta
tio
n  
cl
as
sif
ic
ati
on
s.
 
 
Sy
st
em
s  
or
ga
ni
sa
tio
n
s,
 
 
e.
g.
 
 
ge
om
or
ph
ic
 
 
sy
st
em
,  s
tru
ct
ur
e  
an
d 
co
m
pl
ex
 
 
re
sp
on
se
 
 
a
nd
 
 
thr
es
ho
ld
s  i
n  g
eo
m
or
ph
ol
og
y.
 
 
Ge
om
or
ph
ic  
sy
ste
m
,  e
.g
.  d
ra
ina
ge
 
 
ba
sin
 
 
as
 
 
pr
oc
es
s  
re
sp
on
se
 
 
sy
st
em
.  
 
Ge
olo
gi
ca
l t
im
e  s
ca
le;
 
 
cl
as
sif
ica
tio
n
 
 
of
 ro
ck
s,  
an
d m
in
er
als
,  l
ab
or
at
or
y  a
nd
 fie
ld
 ex
am
in
ati
on
 
 
of
 ro
ck
s  a
n
d  m
in
era
ls;
 
 
cla
ss
ifi
ca
tio
n
 
 
o
f f
au
lts
 
 
an
d
 fo
ld
s.  
 
Bi
olo
gi
ca
l g
ro
w
th
s  -
 
 
N
atu
re
 
 
o
f g
ro
w
th
.  K
in
ds
 
 
of
 gr
o
w
th
 in
clu
di
ng
 
 
se
co
nd
ar
y  
th
ick
en
in
g  i
n  p
lan
ts
.  T
he
 
 
ph
ys
io
lo
gy
 
 
of
 
gr
ow
th
.  F
ac
to
rs
 
 
in
flu
en
ci
ng
 
 
gr
o
w
th
 in  
pl
an
ts
 
 
an
d a
n
im
als
.  S
ign
ifi
ca
n
ce
 
 
of
 gr
ow
th
.  P
hy
sio
lo
gy
 
 
re
pr
od
uc
tio
n
 
 
de
ca
y  
law
.  N
uc
lea
r  r
ea
ct
ion
s.
 
 
 
Th
e  g
eo
gr
ap
hi
ca
l g
ro
w
th
s  t
ha
t  w
ill
 be
 
 
tre
at
ed
 
 
in
clu
de
:  (i
)  g
ul
lie
s;  
(ii)
 
 
w
ad
is  
an
d c
an
yo
n
s;
 
 
(iii
)  sa
n
d
 du
n
es
 
 
or
  de
po
sit
s,  
e.
g.
 
 
ba
rch
an
s  
an
d 
se
ifs
,  a
n
d
 du
st
 
 
de
po
sit
s  o
r  
lo
es
s;  
(iv
)  b
ea
ch
es
 
 
an
d
 be
ac
h 
rid
ge
s;
 
 
(v)
 
 
co
ra
l r
ee
fs
 
 
an
d 
co
ra
l i
sla
nd
s;  
(vi
)  
sta
lac
tit
es
 
 
an
d 
sta
la
gm
ite
s.  
Br
yo
ph
yt
es
 
 
an
d 
Pt
er
id
op
hy
te
s  
i 
.8 
Q 
n 1 
8 Ba
sis
 
 
of
 
Cl
as
sif
ic
ati
on
 
 
in
 
 
Ge
og
ra
ph
y  
Th
e  S
tra
tig
ra
ph
ic  
Sy
st
em
 
 
Bi
ol
og
ica
l a
nd
 
Ph
ys
ica
l g
ro
w
th
s  
1 
ti 
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H
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RY
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G
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A
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V
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IC
 3
32
 
M
A
TT
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G
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V
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O
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A
N
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C
H
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SY
ST
E
M
S,
 
 
O
RG
A
N
IS
A
TI
O
N
S 
A
N
D
 
C
LA
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N 
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SC
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N
C
E 
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13
 
G
RO
W
T
H
 IN
 
N
A
TU
R
E  
1n1 
00 
Ce) 
Se
pa
ra
bl
e  e
qu
at
io
n
s,
 
 
Ex
ac
t  e
qu
at
io
n
s,
 
 
fir
st  
or
de
r  
lin
ea
r  e
qu
at
io
n
s.
 
 
M
atr
ic
es
 
 
an
d
 de
ter
m
in
an
ts.
 
 
Li
ne
ar
 
 
in
de
pe
n
de
n
ce
 
 
of
 
ve
ct
or
s.
 
 
Sy
st
em
s  
of
 di
ffe
re
n
tia
l e
qu
at
ion
s:
 
 
eq
ua
tio
n
s  
w
ith
 co
n
sta
nt
 
 
co
ef
fic
ien
ts
.  M
at
rix
 
 
fo
rm
u
la
tio
n  
of
 lin
ea
r  
sy
st
em
s.  
Fu
n
da
m
en
ta
l s
et
s  o
f s
ol
ut
ion
s  
n
on
-h
om
og
en
eo
u
s  
lin
ea
r  s
ys
te
m
s.
 
 
Th
e  l
ap
la
ce
 
 
tra
n
sfo
rm
.  A
pp
lic
ati
on
 
 
of
 th
e  l
ap
la
ce
 
 
tra
n
sfo
rm
s  
to
 
 
so
lu
tio
n
s  
of
 lin
ea
r  
eq
ua
tio
ns
,  t
he
 
 
co
n
sta
n
t  c
oe
ffi
cie
nt
s.  
Ca
uc
ly
-
En
te
r  
eq
ua
tio
n
s.
 
 
Th
e  v
ar
ia
tio
n
 
 
o
f 
co
n
sta
n
ts
 
 
fo
rm
ul
a  a
n
d 
m
eth
od
 of
 un
de
te
rm
in
ed
 co
ef
fic
ien
ts
.  A
pp
lic
ati
on
s  
to
 
 
vi
br
ato
ry
 
 
an
d 
ele
ct
ric
 
 
cir
cu
its
 
 
an
d 
th
e  
m
ix
in
g  p
ro
bl
em
s.
 
 
Co
n
tin
uo
u
s  
ra
n
do
m
 
 
va
ria
bl
es
,  d
en
sit
y  
fu
n
ct
ion
.  M
om
en
ts
,  u
n
ifo
rm
,  e
x
po
n
en
tia
l a
n
d  
n
or
m
al
 
di
str
ib
ut
io
n
s.
 
 
Bi
va
re
iat
e  m
om
en
ts
.  I
nd
ep
en
de
n
ce
.  M
om
en
t  g
en
er
at
in
g  f
un
ct
io
n
s.
 
 
D
ist
rib
ut
io
n
s  
of
 fu
n
ct
io
ns
 
 
of
 ra
nd
om
 
 
va
ria
bl
es
 
 
ce
n
tra
l l
in
es
 
 
th
eo
re
m
 
 
an
d
 la
w  
of
 la
rg
e  
nu
m
be
rs
.  
 
Th
e  c
ou
rs
e  
in
tr
od
uc
es
 
 
th
e  s
tu
de
nt
 
 
to
 
 
w
or
ld
 w
ea
th
er
 
 
an
d 
cli
m
at
e.  
It  
tr
ea
ts
 
 
th
e  p
ro
ce
ss
es
 
 
th
at
 
 
in
vo
lv
e  h
ea
t,  
m
oi
stu
re
,  a
n
d 
m
ot
io
n
 
 
in
 
 
th
e  a
tm
os
ph
er
e,
 
 
in
clu
di
ng
 
 
w
ea
th
er
 
 
di
stu
rb
an
ce
s  
an
d 
ch
an
ge
,  t
he
 
 
ba
sic
 
 
co
n
ce
pt
s  o
f m
icr
oc
lim
at
es
 
 
an
d 
th
e  
ge
n
er
a  
pr
in
cip
le
s  o
f c
lim
at
ic
 
 
cl
as
sif
ica
tio
n
.  T
he
 
 
st
ud
en
t  i
s  a
lso
 
 
in
tr
od
uc
ed
 to
 
 
th
e  s
tu
dy
 
 
of
 th
e  i
na
dv
er
ten
t  a
nd
 
ex
pe
rim
en
ta
l m
od
ifi
ca
tio
n
 
 
o
f w
ea
th
er
 
 
cl
im
at
e,  
an
d 
th
e  b
as
ic
 
 
iss
ue
s  
in
 
 
ap
pl
ied
 cl
im
at
ol
og
y.
 
 
 
Th
e  p
hy
sic
al
 ba
sis
 
 
of
 li
fe
 
 
in
 
 
pr
oc
ar
yo
tic
 
 
an
d 
eu
ca
ry
ot
ic  
or
ga
n
ism
s;
 
 
Ch
ro
m
os
om
es
 
 
an
d 
nu
cl
ea
r  
di
vi
sio
n
.  M
en
de
lis
m
 
 
in
he
rit
an
ce
 
 
se
x  
de
te
rm
in
at
ion
 
 
an
d 
se
x  l
in
ka
ge
;  p
ol
yp
lo
id
:  e
x
tr
a-
ch
ro
m
o
so
m
al
 in
he
rit
an
ce
.  P
op
ul
at
io
n  
ge
n
et
ics
:  t
he
 
 
H
ar
dy
 
 
W
ein
be
rg
 
 
la
w;
 
 
ge
n
eti
c  d
rif
t;  
th
e  e
vo
lu
tio
n
 
 
of
 d
om
in
an
ce
.  C
ell
 en
er
ge
tic
s,  
Bi
os
yn
th
es
is  
M
em
br
an
e  
Ph
en
om
en
a  
an
d 
ac
tiv
e  t
ra
n
sp
or
t.  
 
H
ea
t,  
w
or
k 
en
er
gy
,  f
irs
t  a
nd
 se
co
n
d
 la
ws
 
 
o
f t
he
rm
od
yn
am
ics
.  P
ha
se
 
 
eq
ui
lib
ria
 
 
sin
gl
e  c
om
po
n
en
t  s
tem
s;
 
 
ph
as
e  r
u
le
.  
Ch
em
ica
l e
qu
ili
br
iu
m
 
 
an
d  
fre
e
 
 
en
er
gy
.  C
oll
ig
ati
ve
 
 
pr
op
er
tie
s,  
K
in
eti
c  t
he
or
y  
of
 ga
se
s,
 
 
n
on
-
id
ea
l b
eh
av
io
ur
 
 
of
 g
as
es
,  
ph
ys
ica
l p
ro
pe
rti
es
 
 
of
 ga
se
s  
an
d  
liq
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APPENDIX J 
FACULTY OF EDUCATION 
DEPARTMENT OF EDUCATION 
AHMADU BELLO UNIVERSITY, ZARIA. 
4 - Year Degree in Science Education. 
The science Education Section of the Department of Education prepares students for the award of the B.Ed 
Science (i.e. B.Ed) Biology, B. Ed. Chemistry, B.Ed. Geography, B.Ed. Physics, and B.Ed. Integrated 
Science degrees. 
General Aims. 
The emphasis of the B.Ed. Science will be the preparation of teachers t teach science subjects (biology, 
chemistry, physics or geography in the senior secondary schools, colleges of education or colleges of arts 
and science. While the B.Ed. integrated science degree programme will train integrated science teachers for 
junior secondary schools. 
The graduates of both programmes should be able to assume positions of administrative responsibility in 
schools, teacher colleges and Ministries of Education as science specialists. 
Instructional Objectives: 
Cognitives: 
Graduates of both options (B.Ed. Science and B.Ed. integrated science) should be able to: 
1. Comprehend and apply ideas put forward in the study of the Foundation of Education, so as to solve 
specific problems related to science education in schools. 
2. Master satisfactorily the concepts and principles in science needed for effective science teaching. 
3. Acquire and apply basic concepts of curriculum and instruction to science teaching. 
4. Acquire the concept of the fundamental unity of science. 
5. Acquire and use the basic principles of educational inquiry. 
Skill Objectives: 
1 Through an appropriate combination of expository, discovery/inquiry and other teaching strategies the 
graduates of both programmes should be able to help students learn science through the: 
(a) effective planning and teaching of science using activity baced methods. 
(b) identification and use of local resources in science lessons. 
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(c) designing and conducting of simple science experiments. 
2. They should acquire, practice and perfect the process skills needed for effective science teaching. 
3. The graduates should be able to deign and conduct research on problems related to science teaching in 
school and colleges. 
Affective: 
1. Graduates should have developed an appreciation of the ethical rules of science viz: empiricism, open 
mindedness, parsimony, tentativeness etc.. 
2. They should acquire the spirit of inquiry and an appreciation of creativity though an exploration of the 
environment. 
3. Graduates should understand and appreciate the role of science in everyday life. 
4. They should value and recognise aspects of the cultural environment. 
5. They should appreciate the need for scientific literacy. 
THE PRESENT STRUCTURE OF THE INTEGRATED SCIENCE COURSE AT 
AHMADU BELLO UNIVERSITY, ZARIA. 
FIRST YEAR. 
Course NO. Course Title Credit Units 
1st Semester 
Credit Units 
2nd Semester 
Status Location 
SGRS 4 4 Core SGRS 
EDUC 101 Educational Foundations 2 - " Educ Dept. 
BIOL 111 General Biology 2 - Cognate Fac. of Science 
BOTY 121 Plant Biology 2 - „ ,, 
CHEM 111 General Chemistry 2 - II In 
CHEM 121 Introductory Organic Chemistry 2 - „ „ 
CHEM 191 Introductory Practical Chemistry 1 - If fl 
GEO 101 Man Location and Resources 2 - ,. ,, 
EDUC 102 Introductory Psychology - 2 " Educ. Dept 
BIOL 112 General Biology II - 2 " Fac. of Science 
BOTY 122 Plant Biology II - 2 „ ,. 
PHYS 111 Mechanics - 2 It ,, 
PHYS 122 Electricity, Magnetism and 
Modern Physics 
2 " " 
PHYS 160 General Physics Practicals - 1 ,, ,, 
MATH 100 Basic Mathematics - 2 Restrict- 
ed Elect. 
" 
GEO 102 Man Location and Resources II - 1 “ II 
SGRS 105 Use of Library 1 - " SGRS 
SECOND YEAR 
Course NO. Course Title Credit Units 
1st Semester 
Credit Units 
2nd Semester 
Status Location 
SGRS 200 Moral Philosophy 1 1 Core SGRS 
EDUC 201 Sociology of Education 2 - " Educ. Dept 
EDUC 202 Educational Psychology 2 - " " 
EDUC 203 Curriculum and Instruction 2 - . n 
EDUC 204 educational Psychology - 2 ft ff 
EDSE 205 Subject Method - 2 „ 
EDSE 221 Lab. Technique and Management 2 - II ft 
EDSE 222 Philosophy of Integrated Science 2 - „ . 
ZOOL 131 Animal Biology I 2 - " Fac. of Science 
ZOOL 132 Animal Biology II - 1 It It 
BIOL 214 Introduction Cytogenetics 3 - „ „ 
ZOOL 234 Animal Physiology - 2 „ n 
BIOL 212 General Ecology - 2 I II 
GEOG 104 Man's Physical environment I 2 - n n 
CHEM 121 Introductory Inorganic Chemistry - 2 „ . 
CHEM 131 Introductory Organic Chemistry - 2 " " 
PHYS 131 Heat and Properties Matter - 2 RE* " 
PHYS 260 Physics Workshop Practice I - 2 RE " 
COSC 101 Programming in Basic - 2 Core SGRS 
*RE - Restricted Elective 
THIRD YEAR 
Course NO. Course Title Credit Units 
1st Semester 
Credit Units 
2nd Semester 
Status Location 
EDUC 300 Elementary Statistics 2 - Core Educ Dept 
EDUC 301 Educational Research Methods - 2 „ n 
EDCI 302 Curriculum Studies I 2 - RE " 
EDCI 303 Curriculum Studies II - 2 tt ff 
EDUC 208 Studies in Foundation of 
Education 
- 2 Core " 
„ EDUC 309 Introduction to Guidance and 
Counselling 
- 2 „ 
EDSE 312 Classification in Science 2 - „ n 
EDSE 313 Variation and Adaptation - 2 „ ,, 
EDSE 322 Micro Teaching - 1 It II 
EDSE 325 Cycles in Nature 2 - n in 
EDSE 326 Growth and Change - 2 n n 
EDSE 327 Systems and Organisation - 2 II n 
BOTY 224 Plant Physiology I 2 - " Fac. of Science 
BIOL 313 Metabolic Physiology - 2 n It 
BIOL 314 Evolution and Adaptation 1 - ft ff 
PHYS 123 Geometric and Wave optics - 1 „ . 
PHYS 360 Physics Workshop Practice II - 2 „ „ 
CHEM 211 General Chemistry 2 - n n 
CHEM 221 Inorganic Chemistry 2 - " " 
CHEM 291 Practical Chemistry I 2 - RE " 
EDUC 207 Instructional Technology 2 - Core Educ Dept 
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FOURTH YEAR 
Course NO. Course Title Credit Units 
1st Semester 
Credit Units 
2nd Semester 
Status Location 
EDSE 400 Teaching Practice 9 - Core Educ Dept. 
EDSE 401 Project 3 - " " 
EDSE 421 The Teaching of Primary and 
Integrated Science 
- 3 " " 
EDSE 423 Environment Management - 3 " . 
EDSE 424 Continuity in Nature - 2 " " 
EDSE 425 Integration of Matter in the 
Environment. 
- 2 It It 
EDSE 426 Limitation of Natural Phenomena - 2 II 11 
EDSE 427 Integrated Science Programmes - 2 " " 
CHEM 212 Physical chemistry - 2 " Fac. of Science 
BIOL 318 Soil Biology - 2 RE " 
EDUC 402 Measurement and Evaluation - 2 Core " 
SUMMARY: 
CORE/COGNATE: 	 120 Credits 
ELECTIVE 	 20 Credits 
140 Credits 
17 
APPENDIX K 
LIST OF SAMPLE SCHOOLS, COLLEGES AND UNIVERSITIES 
A: SCHOOLS 
CODE NAME OF SCHOOL TYPE OF SCHOOL 
A Government college Amper State Govt - Mixed 
B Federal Govt Girls' College, Langtang Fed. Govt - single-girls 
C Government secondary school, Kwanpe State Govt - Mixed 
D Federal Government College, Jos Federal Govt - Mixed 
E Government College, Jos State Govt - Mixed 
F Nakam Memorial Sec. School, Panyam Voluntary Agency - Mixed 
G Mwaghavul Community Sec. Sch., Pushit Volunt. Agency - Mixed 
H Government Secondary School, Pankshin State Govt - Mixed 
I Government College, Pankshin State Govt - Single-boys 
J Yakubu Gowon's College, Sharam Private - Mixed 
K Government Secondary School, Jos State Govt - Mixed 
L Government College, Gindiri State Govt - Mixed 
M Girls High School, Gindiri V/Agency - Single-girls 
N Boys Secondary School, Gindiri V/Agency - Single-boys 
0 Mada Hills Secondary School, Akwanga V/Agency - Mixed 
P Government Secondary School, Kufang State Govt - Mixed 
Q Government Secondary School, Kanadap State Govt - Mixed 
R Government Special Science School, Kuru State Govt - Single-boys 
S Government Secondary School, Shendam State Govt - Mixed 
T Government College, Garkawa State Govt - Mixed 
U Mangu Secondary School, Mangu Private - Mixed 
V Government College, Langtang State Govt - Mixed 
W Government Secondary School, Langtang State Govt - Mixed 
X Govt Girls Science. School, Shendam State Govt - Single-girls 
Y Unijos Demonstration Sec School, Jos Voluntary Agency - Mixed 
B: COLLEGES AND UNIVERSITIES 
CODE COLLEGE/UNIVERSITY 
A College of Education, Akwanga 
B College of Education of Ankpa 
C College of Education, Gindiri 
D College of Education, Katsina Ala 
E Federal College of Education, Pankshin 
F Federal College of Education, Zaria 
G University of Jos 
H Ahmadu Bello University, Zaria 
APPENDIX L 
Table A: Age distribution among classroom teachers of integrated science. 
AGE GROUP MALES IF77770,111 FREQUEN Y IWITIWIVTeT1 
20 - 24 3 5 9.6 
25 - 29 12 6 18 34.6 
30 - 34 7 7 14 6.9 
35 - 39 6 5 11 
40 - 44 1 2 3 5. 
45 - 49 1 0 1 1.9 
50 & above 0 0 0 0 
TOTAL 0 22 52 100 
Table B: Years of Teaching Experience among Practsing Teachers of Integrated 
Science. 
MALE FEMALE FREQUENCY PERCENTAGE 
1-3 Yrs. 19 10 29 55.8 
4 - 9 " 8 8 16 30.8 
10 & Above 3 4 7 13.4 
TOTAL 30 22 52 100 
Table C: Training Received by Teachers of Integrated Science 
MALE FEMALE FREQUENCY PERCENTAGE 
FORMAL 7 5 12 23.1 
INFORMAL 8 7 1  15 30.8 
NO TRAINING 14 10 24 46.1 
TOTAL 29 22 51 100 
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APPENDIX M 
PRACTISING TEACHER BACKGROUND INFORMATION 
TR. SCHOOL TYPE/LOCATION SEX Age Grp QUALIFICATIONS O'Level Science Subjects Experience 1.SC. Training 
1 State Govt/MixecVltural M 35-39 WASC/GCE, B.hd, 
M.Ed 
Chem, Bio, lily, Maths, 
1,A  :larithse.  ,ScAip. 	 c. Science, 
10 Informal 
2 State Gov0Mixed/Itural M 40-44 tirade 11, NCE,B.Ed 
G/Science, PHE 
2 none 
3 Fed. Govt/Single-girls/Sub-urban F 20-24 W ASL/GCE, NCR Maths., Chem, 1310. 3 none 
4 State Govt/Mixed/Rural F 30-34 Grade II, NCE Chem, Bio, Phy, Agric. Sc., 
Int.Sc., PHE 
1 none 
5 State Govt/Mixedlltural M 35-39 Grade li, NCE Chem, Bio, Phy, Agric. Sc., 
Int.Sc., PHE 
2 none 
6 Fed. Govt/Mixed/Urban F 25-29 WASC/GCE, HND, 
BEd 
Chem, BR), Phy, Maths 3 none 
7 State Govt/Mixed/Urban F 35-39 WASUUCE, B.Sc.(Ed) Chem, Bio, Phy. 13 Formal 
Informal 8 State Govt/Mixed/Urban F 40-44 WASC/GCE, 
B.Sc.,M.Sc. 
Chem, Bio, Phy. 11 
9 State Govt/Mixed/Urban F 30-34 WASUGCE, B.Sc. Chem, Bio, Phy, Maths 7 Informal 
10 Voluntary Agency/Mixed/Rural M 25-29 WASUGCE., NCR Maths, Client, lily, 
H/Science 
3 none 
11 Voluntary Agency/Mixed/Rural M 25-29 WASC/GCR, NCR diem, Bio, lily. 1 Formal 
12 Voluntary Agency/Mixed/Rural M 30-34 WASC/GCE, NCR Chem, Bio, Illy, Maths, Sc. 
I= Bi, G/Science 
2 Formal 
Informal 
Formal 
"Formai 
13 Voluntary Agency/Mixed/Rural M 25-29 Grade II, NCE 1 
14 State Govt/Mixed/Sub-Urban M 20-24 WASC/GCE, NCR Chem, Bio, Agric Sc. 1 
15 State Govt./Single-boys/sub-Urban F 30-34 Grade 11, NCR Agnc.Sc., Mame* 7 
16 State Govt/Single-boys/Sub-Urban F 25-29 WASC/GCE, B.Sc. Chem, Bio, Phy, Maths 3 none 
17 State Govt/Single-boys/Sub-Urban F 20-24 WAS(:/OCR, B.Sc.(hd) Chem, Bio, Illy., Agile. Sc. 1 none 
18 Private/Mixed/Rural M 25-29 WASC/GCE, NCE Chem, Bio, Phy, Maths 3 Formal 
19 Private/Mixed/Rural F 30-34 WASC/GCE, B.Sc., 
PGDE 
Chem, Bio, Phy. 8 none 
20 State WA/Mixed/Urban F 35-39 WASC/GCR, GO 11, 
NCE, BEd. 
Chem, Bio 3 none 
21 State Govt/Mixed/Rural M 25-29 WASC/GCR, HND Chem, Bio, Phy, Maths 2 Informal 
22 State Cmvi/Mmedatural M 30-34 WASC/OCE, MD Chem, BM, Illy, Maths 4 none 
23 State Govt/Mixed/Rural M 25-29 WASUGU., NCR H/Science S intormai 
24 Voluntary Agency/Single- 
girls/Rural 
M 20-24 WASC/GCE, NCE Chem, Bio, Phy, Maths, 
Agric. Sc. 
1 none 
25 Voluntary Agency/Single- 
boys/Rural 
M 25-29 WASC/GCE, NCE Chem, Bio, Phy, Maths, 
Agric. Sc. 
3 Informal 
26 Voluntary Agency/Single- 
boys/Rural 
M 35-39 WASC/GCE, NCR Chem, Bio, Phy. 7 none 
27 Voluntary Agency/Mixed/Sub- 
Urban 
M 20-24 WASC/GCE, NCE Chem, Bio, Agnc. Sc., Maths 1 Formal 
28 State Govt/Mixed/Urban F 35-39 Grade  II, NCE Maths, Bio, Phy 5 informal 
29 State Govt/Mixed/Urban F 35-39 Grade U, NCR Bio, them, Maths 6 Informal 
Informal 
Informal 
30 State Govt/Mixed/Urban M 25-29 WASC/OCE, NCR Clem, Blot, Phy, Maths 3 
31 State Govt/Mixed/Urban M 35-39 Grade II, NCE G/Science 5 
32 State Govt/Boys' special Sc. 
Sch./Sub-Urban 
F 25-29 WASC/GCR, NCE Bic, Chem, Maths I Intormal 
Formal 33 State Govt/Boys' special Sc. 
Soh/Sub-Urban 
F 30-34 WASC/GCE, GD II, 
NCE 
Chem, Bio, Phy, Maths 1 
34 State Govt/Boys' special Sc. 
Sch./Sub-Urban 
F 25-29 WASC/GCB, NCR Chem, Rio, Phy, Maths 2 Formal 
35 State Govt/Boys' special Sc. 
Sch./Sub-Urban 
M 4549 WASC/GCE, GD II, 
NCR. 
Chem, Bio, Phy, Maths, 
Agnc. Sc. 
10 Formal 
36 State Govt/Boys' special Sc. 
Sch./Sub-Urban 
M 25-29 WASUOCE, B.Sc. Chem, Bio, lily, Maths, 
Agric. Sc. 
1 none 
37 State Govt/Mixed/Sub-Urban F 25-29 Grade II, NCE Maths, G/Science, PHE 5 none 
38 State Govt/Mixed/Rural M 30-34 Grade II, NCR G/Science 3 none 
39 State Govt/Mixed/Rural M 30-34 WASC/GCE, B.Sc.(k.d) Chem, Bic), Phy., Agnc. Sc. S none 
40 Private/Mixed/Sub-Urban M 25-29 WASC/GCE, B.Sc. Chem, Bio, Phy, Maths, 
Agric. Sc. 
1 none 
391 
41 Private/Mixed/Sub-Urban M 25-29 WASI/GCh, NIX Chem, Bio, Phy, Maths, Agric. Sc. 
2 none 
42 State Govt/Mued/Sub-Urban F 30-34 Grade 1I, NCh Agric. Sc., 0/Science, H/science 
1 none 
43 State Govt/MixecVSub-Uitial M 35-39 Grade IL NCE G/Science, H/Scienoe 10 Informal 
44 State Gov0Mixed/Sub-Urban M 25-29 WASLIGCE, NCh Chem,Bio, Phy, li/Science 3 Formal 
45 State Govt/Girls' special Sc. 
Sch./Sub-Urban 
F 30-34 Grade II, NCE G/Science, H/Science 1 Informal 
46 State Govt/Girls' special Sc. 
SchiSub-Urban 
F 25-29 Grade ft, NCh Agric.Sc., G/Science 4 Formal 
47 State Goat/Girls' special Sc. 
Sch./Sub-Urban 
M 30-34 WASC/GCE, B.Sc. Chem, Bio, Phy, Maths, Agric. Sc. 
2 none 
48 State Govt/Gols' special Sc. 
Sch./Sub-Urban 
M 30-34 WASC/GCE, B.Sc. Chem, B to, Phy, Maths 5 none 
49 Private/Mixed/Urban F 35-39 WASC/GCE, B.Sc.(Ed), MEd. 
Chem, Bio, Phy, Maths 10 none 
50 Private/Mixed/Urban M 30-34 W ASLJGCh, liND Chem, 1310, Phy., Agric. Sc. 4 none 
Informal 51 Private/Mixed/Urban F 40-44 WASC/GCh, B.Sc.(Ed), 
M.Ed. 
Chem, Bio, Maths 21 
52 Voluntary Agency/Mixed/Sub- 
Urban 
M 35-39 Grade U, NCE G/science, H/science 5 informal 
TR.- Teacher. 
I.Sc - Integrated Science. 
GCE- General Certificate of Education 
WASC- West African School Certificate 
Gd II - Grade Two Teachers' Certificate. 
NCE - Nigerian Certificate of Education 
HND - Higher National Diploma 
B.Ed- Bachelor of Education 
M.Ed - Master of Education 
392 
APPENDIX - N 
COMPETENCIES FOR AN INTEGRATED SCIENCE TEACHER. 
N[a] 
During the 1973 Maryland conference on the education of teachers for integrated 
science, a working group also came up with the following list of competencies required 
of a teacher of integrated science(Bajah, 1989). That the integrated science teacher 
should:- 
1. have an acquaintance with different materials for the teaching of integrated science and 
be able to identify differences and similarities in their aims and philosophy. 
2. be able to suggest and set up suitable experiments from available materials and be able 
to guide students to do them. 
3. be able to carry on an inquiry-oriented teaching programme and be able to participate 
in class with children in discussion etc., as a group leader and 'facilitator' to sources of 
information. 
4. strive for unity in knowledge of all kinds, and convey this attitude to his students. 
5. recognise the expertise that others have to offer, welcome their contributions and hold 
high standards of performance for himself and his students. 
6. have some minimum knowledge of science and understanding of its role in the lives of 
the people in the community. 
Nib] 
A working group discussion during the Nijmegen conference, Netherlands, 1978, 
was centered on the development of some desireable attitudes in teachers of integrated 
science. The outcome of the forum, reported by Cingel and Yoong(1979) included: 
1. the need for the teacher to look beyond the confines of scientific content requires an 
adjustment of attitude. 
2. the teacher should understand and show interest in the culture, interests, language and 
values of the pupils. 
3. they must be helped to acquire economic, political and agricultural sensitivity in 
relation to scientific activity for they might be required to discuss the notion of 'quality' of 
life, for example, in relation to decision-making in the resolution of persistent human 
problems. 
4. the teacher of integrated science should develop a 'non-defensive teaching style' so as 
to facilitate inter-disciplinary activities with colleagues and to gain cooperation from 
pupils. 
N[c] 
A Technical Working Group convened by UNESCO in the Philippines in 1984 
under the auspices of the Asia and the Pacific programme of Educational Innovation for 
Development(APEID) identified some competencies and attitudes which it believes are 
needed by both teachers of science and science teacher educators. Its proposal of these 
competencies and attitudes were based on the concept of 'open competence', a term 
which emerged from the Seventh Regional Consultation Meeting on APEID (Bangkok, 
June, 1981). Further discussion on the concept of open competence by a Study Group 
Meeting on Science Curriculum and Instructional Materials Development (Bangkok, 
Nov. 1981), observed that: ..  
We are in an age of rapid changes in the natural sciences and social 
situations. In order to adapt to the rapidly changing and progressing age 
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and to contribute to the socio-economic progress, is it important for all the 
students to acquire certain competencies and attitudes to solve problems 
and think creatively. For education to assist in this, school science 
education programmes will have to provide for teaching-learning 
experiences through a variety of methods which will help develop 
concepts and skills which are flexible and applicable to a wide variety of 
situations rather than limited in scope. 
The position expressed here agrees with what Showalter sees as a relevant competency 
for the science teacher when he says that the teacher of science should: 
be more concerned with helping students learn the relatively few major 
concepts, processes and values that permeate all sciences than with 
students acquisition of large number of facts which have limited 
usefulness in place and time. 
The group further suggested the following as an illustrative list of open competencies that 
needs to be built into the students and which have obvious implications for the training of 
science teachers: 
(a) Process skills (Scientific Methods): These include, observation, measurement, 
recording, inferring, designing and conducting of experiments, data interpretation, 
making assumption, formulating hypotheses and testing, controlling variables and 
isolating, formulating models and communicating skills (including use of symbols, 
graphs etc.) 
(b) Knowledge: Understanding and use of concepts, laws or principles, formulas, 
symbols and signs; knowledge of methodology and mathematical skills. 
(c) Way of thinking: Deductive, inductive, analytical, synthetical, divergent, convergent, 
intuitive, imaginative and creative. 
(d) Attitudes: Self-reliance, positive self-confidence or self-concept on his or her 
judgement of ideas with respect to science and science learning; respect for others' 
judgement and ideas; patience or tolerance for differences and disagreements from others; 
courage and willingness for taking the responsibility for his/her judgement and ideas; 
sensitivity to changes and new problems; awareness of social and national development; 
and love for nature as well as human beings. 
(e) Values: Seeing science as an important part of our culture, seeing science as an 
approach to solve human and social problems; seeing science as a process as well as a 
product; understanding or recognising science as the creation of comparative work; 
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seeing science as a critical factor for the improvement of human welfare as well as the 
technical development; and.judging on the basis of sound evidence. 
In a subsequent examination of the requisite competencies and attitudes of the science 
teacher as a sequel to those listed above for students, the group identified four major 
processes under which these competencies can be subsumed. They are: 
- Information Processing. 
- Problem-solving. 
- Creativity. 
- Decision-making. 
Information processing: 
In the light of the ever-increasing explosions of scientific information inundating all 
areas of studies, the innovative science teacher of today needs the specific competencies 
to ascertain his or her information needs and the nature as well as the scope of the 
information needed (UNESCO,1985). 
The competencies associated with information processing were listed as the ability to: 
- identify, locate and utilise sources of information( sources of information include 
standard textbooks, library resources, computerised programmes, community resources, 
the various forms of the media etc. 
- classify, analyse and utilise relevant information( in collecting and recording 
information, basic skills like classifying fact and concepts, making abstracts, annotations 
and bibliographies and essential. 
- simplify scientific information from the primary sources to the level of the target 
group(teacher should have the competencies to extract and simplify scientific information 
to the level of the students. 
- be familiar with the use and application of newer technologies(teacher should possess 
some familiarity with the use, application and simple maintenance of hard and softwares). 
Problem-solving.- In the context of science education, problem-solving usually entails 
performing the steps of the scientific methods (UNESCO, 1985). Problem-solving is a 
process where previously learned rules and concepts are applied in finding solutions to a 
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variety of real life and simulated situations which lend themselves to the application of 
the scientific methods (Campa R.F. et al, 1983). 
The following competencies were outlined as relevant to developing problem-solving 
(UNESCO op cit.): 
- sensing, recognising and defining the problem. 
- hypothesising. 
- determining the type of study. 
- judging the adequacy and accuracy of information and data. 
- communicating results of the inquiry. 
For Creativity, it was observed that educators and psychologist have grappled 
with the attributes of creativity. The UNESCO report however, in attempt to give the 
picture of the demand of creativity explained that normal children by their very nature are 
curious and the teaching and learning of science has rich potentials to encourage and 
develop this trait. Curiosity, the report added, is the main driving force for creativity. 
Substantiating, the report asserts that, episodes from the history of science and 
technology amply demonstrate that curiosity has been the main source of discoveries in 
science and technology. Science teachers have therefore an important role to play in 
fostering and sustaining the natural curiosity of children which leads to creativity. 
A study by Baez(1980) concluded that creative people exhibit the following 
behaviours: 
- challenge assumptions. 
- see in new ways. 
- recognise new patterns. 
- make new connections. 
- construct new networks. 
- take risks. 
- take advantage of chance. 
He also sees a creative individual as one who: 
- exhibits high-level curiosity; 
-thinks originally, flexible, divergently, and imaginatively; 
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- is able to elaborate; 
- is able to improvise, innovate and invent; 
The UNESCO report listed the following competencies which it believes would 
help the science teacher to promote creativity. It include the ability to: 
- identify creativity-promoting settings from local situations; 
- identify and utilise episodes from the history of science; 
- identify unsolved problems and problems with multiple solutions; 
- design and provide learners with investigative type of learning episode; 
- identify and utilise issues of multi-disciplinary nature for classroom discussions; 
- take calculated risks; 
- synthesise ideas and apply techniques of system analysis; 
- ask probing, analytical and open-ended questions in order to arouse curiosity. 
In relation to Decision-making, the UNESCO report made the following observation: 
"The interaction of science, technology and society has brought into 
focus the increasing importance of decision-making competencies and 
attitudes for the teacher and students. Many decisions are made at the 
community, national or international level involving the application of 
science through technology e.g., construction of power plants; use of 
pesticides, herbicides, food additives; nuclear weapons; pollutants 
from industries, which may be far-reaching, long-term societal 
implications in terms of health, economic, political and cultural 
consequences". 
The report believes that, most often than not, such important decisions affecting 
problems of this nature are made without following the steps of rational decision-making. 
I guess, the reasons for this are largely due to lack of relevant competencies. 
Holford (1983), UNESCO (1985), provided the following sets of competencies for 
rational decision-making which should be developed in science teachers: 
- Recognising the social consequences and responsibilities of the development of 
scientific and technological possibilities. 
- Objectively appraising available information and rationally analysing the long-term 
environmental and social consequences of alternate possibilities for action or restraint. 
- Communicating the consequences effectively and with the urgency for gaining public 
attention to significant decisions. 
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- Teaching applications of science through technology in society in such a way that pupils 
are helped in forming defensible opinions on science-related societal issues. 
- Fostering pupils' growth in decision-making in a participative manner. 
- seeking connections between science and technology in science lessons. 
It is my opinion that these four major elements of open competence reviewed 
above(information-processing; problem-solving; creativity; and decision-making) do 
overlap and are intricately interlinked. For instance, information-processing is needed in 
all the three other elements which all require a knowledge base; problem-solving 
competencies such as those used in interpreting data and gathering, facilitate making new 
patterns, connections and networks. Conversely, creativity is needed in problem-solving 
to arrive at novel or alternative solutions. A certain amount of decision-making is 
involved in problem-solving as in evaluating the adequacy and accuracy of data, and in 
rejecting or not rejecting a hypothesis. Thus the interrelatedness of the elements must be 
considered in developing the competencies. 
